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FOREWORD 
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Chief,  Materials  Engineering  Branch 
Materials  Support  Division 
Air  Force  Materials  Laboratory 


ABSTRACT 


A  pros”-™  cf  work  is  dco^i-iued  leading  to  the  selection  of  a  resin 
systems,  reinforcement  selection  and  fabrication  methods  for  building 
a  foldable  deployable  external  wing  tank  for  aircraft.  Such  a  tank 
would  be  capable  of  being  fabricated  in  its  final  configuration,  After 
fabrication  the  tank  could  be  folded,  stored  and  shipped  to  the  place 
of  use  At  time  cf  use  the  tank  could  be  unfolded,  inflated  and  cured 
in  Its  final  configuration. 

The  resin  system  and  glass  reinforcement  selection  was  accomplished 
by  screening  over  150  potential  resin  systems  and  6  possible  reinforce¬ 
ment  candidates.  Twelve  design  concepts  were  screened.  The  selection 
of  the  final  des.lgr,  was  based  on: 

1.  Weight  saving  potential. 

2.  High  Nesting  Ratio. 

3.  Stiffness  and  good  load  caring  capability, 
b.  Ease  of  field  erection. 

A  tooling  concept  was  utilized  that  would  allow  the  fuel  tank  to  be 
fabricated  over  a  removable  mandrel.  The  mandrel  shape  is  developed 
by  placing  a  silicone  rubber  contoured  bag  in  a  female  mold  with  an 
arbor  clamped  to  the  bag  The  bag  was  pressurized  against  the  mold 
and  filled  with  ceramic  (Veri-iite)  nodules.  After  filling,  a 
vacuum  was  applied  to  the  bag  and  nodules  to  hold  the  bag  in  shape 
when  the  female  mold  is  removed.  After  fabricating  the  tank,  the 
vacuum  is  released  and  the  nodules  are  removed. 

A  method  for  zone  curing  critical  areas  of  the .tank  was  developed. 

This  would  allow  the  tank  to  have  specific  areas  cured  and  drilling 
and  routing  operations  Incorporated  at  the  point  of  manufacture;  and 
still  allow  the  final  curing  of  the  tank  in  the  field  without  further 
machining  operations. 

The  objective  of  the  program  was  successfully  accomplished  in  that 
two  tanks  were  fabricated  by  North  American  Rockwell-  One  of  the 
tanks  was  folded  and  delivered  to  the  Air  Porch  for  future  deployment. 

The  second  tank  was  fabricated  folded,  deployed  and  cured  at  North 
American  Rockwell.  This  tank  was  intended  for  testing  for  strength 
and  freedom  from  leaks. 

This  document  has  been  approved  for  puolic  release  and  sale;  Its 
distribution  is  unlimited. 
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NTRODUCTION 


SECTION  I 


INTRODUCTION 


Much  Interest  has  been  shown,  in  the  past  years,  in  foldable  self- 
rigldizing  structures  by  the  Air  Force  and  other  services.  Struc¬ 
tures  of  various  sizes  anu  shapes  are  needed  which  can  be  deployed 
in  earth  or  space  environment. 

Under  Air  Force  Contract  AF  33( 615 )  —  1 h 8 h  Monsanto  Research  Corpor¬ 
ation's  Dayton  Laboratory  investigated  the  use  of  the  seond  order 
transition  temperature  of  polymers  as  a  possible  means  of  providing 
a  collapsible/expandable  wing  tank.  This  program  is  described  in 
Technical  Report  AFML-TR-66-l*J2-  dated  March  1966. 

As  a  result  of  the  work  the  Air  Force  awarded  Contract  AF  33-615- 
670-15*12  in  July  1967  to  Monsanto  Research  Corporation  with  North 
American  Rockwell  as  a  subcontractor.  This  new  contract  was  for 
the  fabrication  of  two  full  scale  reinforced  plastic  external  fuel 
tanks  which  could  be  expanded  and  rigidized  in  the  field.  The  tank 
requirements  were  that  the  tank  be  collapsible  with  a  5-7  to  1  nest¬ 
ing  ratio  and  meet  the  requirements  set  forth  for  those  of  the  F-5A/B 
150  gallon  Northrop  Corporation  Norair  Division  External  Wing  Tank. 
This  type  of  tank  was  designed  to  greatly  simplify  shipping  and 
assembly  problems  in  remote  areas. 
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SECTION  II 


SUMMARY 


This  report  describes  the  work  carried  on  by  Monsanto  Research 
Corporation,  Dayton  Laboratory,  and  North  American  Rockwell  Cor¬ 
poration,  Columbus  Division  under  the  direction  of  Wright- 
Patterson  Air  Force  Base. 

Prior  to  this  contract,  Monsanto  developed  a  resin  system  that 
would  change  from  rigid  glass  to  flexible  rubber.  This  change 
occurs  when  thermoplastic  or  lightly  cross-linked  polymers  are 
heated  to  above  their  second-order  transition.  This  was  a  revers¬ 
ible  system  and  was  demonstrated  under  contract  AF  33 (615 )-1^84 
to  be  feasible  in  subscale  wing  tank  models. 

Further  work  indicated  that  this  reversible  resin  system  was 
impractical  for  use  on  high  performance  aircraft  for  one  reason, 
i.e.,  minimum  of  80^  resin  content  is  required  to  make  the  struc¬ 
ture  foldable.  The  80%  resin  content  would  raise  the  1-40  pound 
target  weight  to  between  280  to  ^20  pounds.  This  weight,  increase 
is  due  to  the  low  physical  properties  that  are  normal  for  high 
resin  content  laminates  - 

Another  resin  system  had  to  be  used.  Over  150  new  resin  systems 
and  6  glass  reinforcements  were  tested  and  evaluated.  The  resin 
system  finally  selected  for  use  in  the  wing  tank  program  is  an  epoxy 
plasticized  polyvinyl  butyral  with  a  dicyandiamide  (Dicy)  epoxy  cur¬ 
ing  agent.  This  system  calls  fox*  25%  polyvinyl  butyral  and*  75#  epoxy 
resin.  A  patent  disclosure  has  been  filed  on  this  system.  A  glass 
fabric,  l8l  style  E-glass  constructed  from  yarns  designated  as  ECDE 
75-l/o,  was  selected  and  Impregnated  with  the  resin  system. 

Physical  property  tests  performed  on  the  B-staged  p.reimpregnated 
fabric  and  on  the  cured  laminates.  The  test  results  on  the  B-staged 
fabric  indicated  that  it  was  well  within  Monsanto's  material  speci¬ 
fication.  The  cured  laminates  were  shown  to  be  slightly  below  the 
strength  of  conventional  cured  high  grade  epoxy  glass  laminates. 

In  order  to  achieve  the  general  objective  of  this  program,  which  is 
to  fabricate  two  exploratory  glass  reinforced  fuel  tanks  that  meet 
the  specification  of  Reference  (1),  twelve  design  concepts  were 
evolved.  In  the  analysis  of  these  design  concepts,  primary  consid¬ 
erations  were  given  to  attaining  the  highest  possible  nesting  ratio, 
while  maintaining  structural  integrity,  maximum  fuel  capacity,  mini¬ 
mum  weight  requirements,  and  affording  ease  of  field  erection.  The 
twelve ‘basic  designs  were  reduced  to  two  prime  candidates:  They 
were  a  full  length,  partial  depth  hardback,  and  a  saddle  door-type 
hardback.  The  selection  of  the  final  design  concept  was  also  based 
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on  the  collapslbility ,  workability  and  adhesion  tests  of  certain 
test  specimens  designed  for  this  specific  pux’pose.  The  saddle- 
type  hardback  was  finally  selected. 

Some  of  the  physical  properties  data  of  the  material  from  which  the 
tanks  were  manufactured  we re  supplied  by  Monsanto  Research  Corpora¬ 
tion.  However,  in  order  to  gain  more  Insight  into  the  properties  of 
the  material  and  Hs  behavior  under  certain  prescribed  conditions  for 
tooling  and  manufa.  turlng  purposes,  several  exploratory  tests  were 
carried  out  at  the  facilities  of  North  American  Rockwell  Corporation. 
Also,  since  some  of  the  phases  of  the  tooling  concepts  were  the  first 
of  tneir  kind  in  this  size,  development  required  certain  feasibility 
tests  on  some  of  the  materials  and  processes  used. 

In  the  design  of  the  final  full  scale  tank,  two  factors  were  of 
primary  Importance:  (1)  trade-offs  between  the  engineering,  tooling 
and  manufacturing  efforts  and  (2)  certain  preferences  of  Air  Force 
and  Monsanto  Research  Corporation,  as  to  the  final  configuration  of 
tne  tank.  It  was  also  necessary  to  maintain  the  tank's  structural 
integrity  equivalent  to  that  of  the  metal  tank  which  not  only  is 
constructed  from  a  material  of  higher  strength  but  it  also  includes 
seven  stiffening  bulkheads  in  its  design.  In  view  of  this  fact, 
several  stress  analyses  have  been  performed  to  determine  the  optimum 
trade-offs  of  structural  integrity,  tank  weight  and  nesting  ratio. 

In  the  process  of  the  design  of  the  collapsible  tank  that  concurred 
with  the  selected  design  concept,  the  application  of  an  unusual 
method  of  curing  was  adopted  at  North  American  Rockwell  Corporation. 
The  method  consists  of  curing  the  B-staged  semi-final  product  with 
positive  pressure  (in  comparison  to  the  conventional  vacuum  bagging 
method).  The  above  method  is  the  first  known  application  for  such 
a  large  size  object.  The  expandable  elastic  bag,  designed  to  apply 
positive  pressure  to  the  tank,  served  a  dual  purpose  of  being  the 
male  mandrel  tool  for  the  fiber  glass  lay-up. 

The  project  was  aimed  at  exploratory  development  and  feasibility 
determination  of  an  expandable  rigidizable  external  aircraft  fuel 
tank.  Consequently,  the  necessary  tooling  design  and  processes  for 
fabrication  were  also,  to  a  degree,  exploratory.  The  entire  tooling 
concept,  tool  design  and  fabrication  was  based  on  the  fact  that  only 
two  prototype  tanks  were  required  to  be  manufactured;  therefore,  all 
the  tooling  was  "soft"  or  non-production  type  tooling.  A  special 
developed  lay-up  mandrel  was  used.  The  mandrel  is  made  by  using  a 
contoured  female  mold  with  a  pre-contoured  silicone  rubber  bag  placed 
inside  the  female  mold.  An  arbor  is  then  inserted  into  the  bag  and 
clamped  in  place.  The  bag  is  pressurized  through  the  arbor  and  the 
female  mold,  bag  and  arbor  are  held  in  the  vertical  position  and 
ceramic  nodules  are  poured  into  bag  then  vibrated  until  the  bag  is 


filled.  A  vacuum  Is  then  applied  to  the  inside  of  the  bag  holding 
the  nodules  firmly  in  place.  The  female  mold  is  then  removed  main¬ 
taining  vacuum  and  an  easily  removable  mandrel  is  ready  for  the 
tank  lay-up 


During  the  progress  of  this  program  it  became  more  apparent  that  a 
process  for  zone  curing  had  to  be  developed.  If  this  could  be 
developed  it  would  eliminate  any  trimming;,  machining  and  drilling 
of  plastic  parts  In  the  field  Eliminating  sets  of  trim  jigs,  drill 
fixtures,  etc.,  from  the  various  field  installations  that  would 
rigidize  the  tanks.  This  process  w as  developed  and  presently  has  a 
patent  disclosure  filed 


Also,  In  the  very  early  stages  of  this  program.  It  was  ascertained 
that  only  the  final  female  curing  tool  would  be  delivered  to  the 
Air  Force,  Consequently,  this  tool  was  built  to  withstand  shipping. 
The  remainder  of  the  tools  and,  in  some  cases,  their  supports  were 
constructed  without  consideration  of  any  shipping  and/or  longevity. 

Two  prototype  tanks  were  fabricated  in  this  program.  The  second 
tank  was  fabricated,  zone  cured,  folded,  unfolded,  and  completely 
rlgidized  It  Included  all  the  structural  component  parts  In  final 
assembly,  i.e.,  saddle-door  hardback,  end  attachment  cones  and  bulk¬ 
heads  In  place  But  no  plumbing  parts  were  Included, 


The  first  tank  was  zone-cured,  B-staged  and  collapsed  only.  It  also 
Included  the  same  finished  components  as  the  above  tank,  Only  the 
saddle-door  hardback  was  assembled  in  the  later  tank  prior  to  shipping. 

During  the  fabrication  and  curing  of  the  second  tank,  the  female  mold 
failed,  The  failure  occurred  in  the  bulkheads  that,  were  used  to 
stiffen  the  fianges  of  the  split  female  mold  thus  causing  the  flanges 
to  open  as  much  as  3/^  of  an  inch.  With  this  the  sliicone  bag  failed 
forcing  air  into  the  uncured  tank  laminate.  The  flanges  of  the 
female  mold  were  probably  too  weak  for  the  load  and  temperature 
experienced.  The  female  mold  was  later  shipped  to  the  Air  Force  in 
this  condition.  Because  of  this  mold  failure  the  second  tank  was 
molded  and  cured  with  a  part  of  the  glass  laminate  extruded  into  the 
separated  mold  flange  on  both  sides.  Dimples  or  wrinkles  were 
developed  along  the  top  half  of  the  tank.  Both  forward  and  aft  of 
the  saddle  door.  All  of  these  defects  were  repaired  except  for  the 
air  entrapment-  The  repair  was  made  using  a  room  temperature  curing 
epoxy  resin  system  with  unknown  number  of  plies.  This  repair  proced¬ 
ure  was  not  in  accordance  with  that  initially  outlined  by  Monsanto 
Research  Corporation. 

In  summary,  the  concept  of  fabricating  external  fuel  tanks  using  this 
method  was  shown  to  be  feasible  and  practical 
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SECTION  III 


TECHNICAL  DISCUSSION 

A.  RESIN  SYSTEM  EVALUATION  AND  ZONE  CURING 


The  objective  of  our  resin  system  evaluation  was  to  find  a  resin 
system  that  would  meet  the  following  physical  requirements: 


1.  Allowing  the  tank  to  be  foldable  during  manu¬ 
facturing  and  storage  . 

2.  Long  time  storage  .in  environment  up  to  125°F 
and  still  curable ■ 

3.  The  resin  system  would  allow  tank  deployment 
in  the  field  with  the  least  amount  of  work. 

4.  Give  high  physical  properties  to  keep  the 
tank  weight  to  a  target  of  1^40  lb. 

5.  If  possible,  have  the  ability  to  refold 
for  additional  storage. 

6.  Compatible  with  JP-4  jet  fuel. 


Two  basic  resin  systems  (reversible  and  irreversible)  were  evaluated. 
The  reversible  (thermoplastic)  system  uses  less  than  stoichiometric 
amounts  of  curing  agent  with  Shell's  Epon  828  epoxy  resin.  In  Table 
I,  Tests  1  through  10,  115  and  116  were  conducted  on  the  reversible 
system.  The  reversible  system  was  flexible  at  elevated  temperatures, 
allowing  the  material  to  fold  or  unfold;  at  room  temperature,  the 
system  became  rigid. 

The  irreversible  system  is  a  combination  of  thermoplastic  and  thermo¬ 
setting  resins  mixed  to  give  a  flexible  B-staged  epoxy  resin  system 
that  gives  a  permanently  rigid  system  when  cured.  The  Irreversible 
system  consists  of  polyvinyl  butyral  or  polyvinyl  chloride  plasti¬ 
cized  with  Shell's  Epon  828,  Monsanto's  Santoset,  Union  Carbide's 
ERL-2256,  ERL  4221  and  P.M.C.'s  diallyl  phthalate  (DAP)  resins. 

These  resins  were  screened  in  Table  1  ■ 

During  August  1967,  the  Air  Force  asked  MRC  to  subject  likely  resin 
system  candidates  to  constant  165CF  aging  environmental  tests.  This 
test,  started  on  the  15th  of  August,  involved  13  systems.  Other 
systems  that  looked  good  were  added  to  the  test  chamber,  and  even¬ 
tually  33  different  systems  were  being  tested  (see  Table  II). 
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The  wing  tank  would  be  carrying  JP-4  jet  fuel.  The  best  design 
would  be  achieved  when  no  liner  is  required.  Therefore,  a  test 
to  determine  if  the  resin  systems  in  the  cured  stage  were  comoat- 
ible  with  JP-4  fuel  was  initiated.  On  9  August  1967,  MRC  started 
the  JP-4  fuel  test  using  18  different  resin  systems.  Specimens 
were  cut  weighed  and  Barcol  hardness  tested  before  exposure  for 
15  days  in  JP-4  fuel.  After  the  15th  day,  the  specimens  were  re¬ 
checked  for  weight  and  Barcol  hardness,  resulting  in  no  significant 
change  (see  Table  III). 

A  reinforcement  screening  test  was  run  concurrently  with  the  resin 
screening  tests.  The  following  glass  cloths  were  tested: 

1.  181-A1100  finish  (J.  P.  Stevens  &  Co.) 

2.  2P-183  Volan  A  finish  (Coast  Mfg.  &  Supply  Co.) 

3.  2P-184  Volan  A  finish  (Coast  Mfg.  &  Supply  Co.) 

4.  2P-495  Volan  A  finish  (Coast  Mfg.  &  Supply  Co.) 

5.  KC-2208  Woven  Roving  (Coast  Mfg.  &  Supply  Co.) 

6.  918  Volan  A  finish  (J.  P.  Stevens  St  Co.) 

The  glass  cloths  were  impregnated  with  resin  system  46  (Table  I). 

The  physical  properties  show  that  the  l8l  glass  fabric  has  the  best 
physical  properties.  If  the  filament  winding  process  was  used,  a 
minimum  of  200,000  psl  in  tensile  and  8.0  x  10“  tensile  modulus 
could  be  expected  (see  Table  IV). 

In  August,  a  meeting  between  the  Air  Force  and  Monsanto  Research 
Corporation  was  held  at  Wrlght-Patterson  Air  Force  Base.  The 
various  resin  systems  and  their  effects  on  the  program  were  dis¬ 
cussed.  It  was  noted  that  to  achieve  the  highest  physical  properties, 
a  low  resin  content  and  high  glass  reinforcement  would  be  necessary. 
However,  if  the  reversible  system  was  used,  approximately  80%  resin 
content  was  required  for  it  to  be  foldable.  The  smallest  bend  radius 
without  delamination  was  only  one  inch.  The  irreversible  system 
could  fold  on  a  zero  radius  without  damaging  the  structure  if  30  psi 
was  used  to  compact  the  laminate  during  the  final  cure.  The  only 
apparent  drawback  to  the  irreversible  system  was  its  shelf  life 
during  storage.  At  this  meeting  a  decision  was  made  to  drop  the 
reversible  thermoplastic  resin  systems  calling  for  less  than  stoichio¬ 
metric  amounts  of  curing  agent.  This  decision  was  made  based  on  the 
high  strength  requirements  needed  to  meet  the  140  lb  weight  limit 
of  the  plastic  wing  tank.  The  high  strength  required  dense  low 
resin  content  composites  which  would  not  fold  readily  even  with 
thermoplastic  resins.  In  the  irreversible  systems,  the  der.sifi- 
cation  is  accomplished  simultaneously  with  "deployment"  of  the 
tank  in  the  mold. 
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In  mid-September1,  a  meeting  to  review  NAR  design  concepts  was  held 
at  Monsanto  Research  Corporation  with  the  Air  Force,  NAR,  and  MRC 
attending.  During  this  meeting,  several  other  items  were  discussed, 
including  the  possibility  of  filament  winding  the  tank  with  the 
irreversible  resin  system.  MRC  felt  that  this  system  held  the  key 
to  successful  completion  of  all  of  the  program's  target  requirements. 

We  also  discussed  the  use  of  a  contoured  rubber  heating  blanket  that 
would  control  the  outside  contour  during  cure  of  the  Irreversible 
system  using  glass  cloth  reinforcement.  The  Air  Force  was  concerned 
at  the  possibility  of  technical  difficulties  in  this  approach. 

The  next  meeting  with  the  Air  Force  was  held  during  the  last  week 
of  September  at  Wright-Pat terson  Air  Force  Base  with  MRC.  This 
meeting  was  held  to  discuss  the  various  approaches  listed  in 
Table  V,  It  was  decided  that  MRC  would  make  a  24  inch  nose  section 
sample  using  the  thermc plastic  material  with  30-40$  resin  content, 
an  irreversible  system  and  a  hardback.  The  test  items  were  to  be 
built  on  an  Air  Force  supplied  pattern-  These  samples  were  used 
to  determine  if  the  system  was  capable  of  folding  and  deploying. 

MRC  was  also  given  a  new  environmental  test  to  run  in  place  of 
the  l65°F  constant  temperature. 


The  new  aging  test  was  started  on  5  October  .1967  with  a  24  hour 
temperature  cycle  Including  16  hours  at  85°F,  3  hours  to  go  to 
125°F,  2  hours  at  125°F,  and  3  hours  to  return  to  85°F  (see 
Table  VI). 

During  September  1967,  MRC  developed  sufficient  data  to  write  the 
materials  specification  for  the  control  purchase  of  the  preimpreg¬ 
nated  glass  fabric.  This  specification  (MRC-MS-001)  appears  as 
Appendix  I.  The  process  specification  (MRC-MP-001)  was  also 
written.  This  specification  appears  as  Appendix  II. 

In  October  1967  MRC  received  a  low-temperature  epoxy  female  mold 
from  WPAFB,  This  mold  was  to  represent  the  nose  section  of  our 
F-5  wing  tank.  The  mold  was  approximately  17  in.  long  by  15  in. 
wide  by  6  in.,  higher  in  the  aft  end.  The  mold,  being  too  small, 
could  not  be  used  for  fabrication  of  nose  sections.  (At  least  8  in. 
extra  around  the  part  was  required  for  bleeder  and  vacuum  bag 
sealing  compound  )  The  mold  was  made  with  epoxy  resin  and  "T" 
curing  agent  ('which  is  only  good  for  200°F).  The  parts  that  MRC 
intended  to  build  on  this  mold  required  a  cure  cycle  of  4  hours 
at  300°F.  Thus,  a  new  high-temperature  female  epoxy  mold  had  to  be 
built 
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The  Air  Force-furnished  female  tool  was  used  to  fabricate  a  male 
B-ll  plaster  model  mounted  on  a  3/4  in.  thick  plywood  surface  30  in. 
x  40  in.,  extending;  the  aft  er.d  of  the  Air  Fox-ce  mold  approximately 
12  in.  aft.  The  plaster  model  was  then  used  to  make  a  new  female 
epoxy  mold  (see  Figure  1). 

With  the  new  plastic  female  mold,  MRC  fabricated  a  wing  tank  nose 
section  hardback.  The  hardback  was  made  of  8  ply,  1 8 3  Volan  A 
fabric  with  Epon  828  epoxy  resin  and  the  full  stoichiometric  amount 
of  Z  curing  agent.  This  layup  was  then  vacuum  bagged,  and  the  excess 
resin  and  air  were  paddled  out  of  the  part. 

The  part  and  mold  were  then  placed  in  the  oven  and  cured.  The  hard¬ 
back  was  removed  from  the  mold,  trimmed  and  drilled;  it  was  designated 
SN-1  (see  Figure  2). 

The  first  thermoelastic  system  nose  section  was  fabricated  with  12 
ply,  181  Volan  A  fabric  with  Epon  828  epoxy  resin  and  5/8  of  the 
stoichiometric  amount  of  Z  curing  agent.  The  part  was  then  vacuum 
bagged,  and  the  excess  resin  and  air  were  paddled  out  of  the  part. 

In  order  to  reach  the  highest  physicals  and  maintain  foldabillty, 
an  attempt  was  made  to  hold  the  resin  content  to  30-40?.  (In  the 
past,  we  required  approximately  P0?  resin  to  fold  on  a  1  in.  radius.) 
The  part  and  mold  were  then  placed  in  an  oven  and  cured.  The  thermo¬ 
elastic  system  part  was  then  removed  from  the  mold,  trimmed,  and 
drilled.  This  part  was  designated  SN-2  (see  Figure  2  for  SN-2). 

The  second  thermoelastic  system  nose  section  was  then  fabricated 
using  12  ply  l8l  Volan  A  fabric  with  Epon  828  epoxy  resin  with  5/16 
of  the  stoichiometric  amount  of  Z  and  5/16  of  the  stoichiometric 
amount  of  aniline  curing  agents.  The  part  was  then  vacuum  bagged, 
and  the  excess  resin  and  air  were  paddled  out  of  the  part.  An 
attempt  was  made  to  control  the  resin  content  from  30-40?.  The 
part  (still  in  the  mold)  was  placed  in  an  oven  for  curing.  It  was 
then  removed  from  the  mold,  trimmed,  drilled,  and  designated  SN-3. 

The  next  part  was  fabricated  from  B-staged  preimpregnated  l8l  Volan 
A  fabric.  The  resin  system  mix  used  was  37.22?  by  weight  of  Epon 
828  epoxy  resin,  1.11?  dicyandiamide  (DICY),  12.41?  Butvar  B-7 6, 

0.37?  Thermolite  #31,  42.39$  acetone,  6.0?  dimethylformamide  (DMF) 
and  0.5$  deionized  H20.  A  heat  gun  was  used  to  bond  and  form  the 
B-staged  fabric  in  the  female  mold.  The  part  was  then  vacuum  bagged 
and  placed  in  a  preheated  oven  (l80°F)  for  20  minutes.  The  tool 
and  part  were  then  removed  from  the  oven.  The  vacuum  was  maintained 
for  12  hours.  The  part  was  removed  from  the  tool,  trimmed,  and 
drilled.  This  part  was  then  designated  SN-4. 
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A  demonstration  for  the  Air  Force  was  held  in  mid-October  1967. 

SN-1  (hardback)  was  bolted  tc  SN-2  (thermoplastic  system)  to  form 
a  section  nose  12  jn.  in  diameter  (aft  end)  with  a  1-1/2  In.  flange 
about  the  center  (see  Pigure  3 ) .  The  assembly  was  then  placed 
in  an  oven  at  300°F  for  30  minutes.  The  tank  was  removed  and  an 
attempt  was  made  to  fold  the  SN-2  part  without  delamination.  After 
an  extreme  amount  of  fence  was  applied,  the  section  started  to 
delaminate.  The  section  was  then  placed  in  the  oven  for  an 
additional  15  minutes  and  was  folded  (using  great  force);  the 
section  delaminated  over  approximately  85$  of  its  surface  (see 
Figure  4).  SN-2  had  a  resin  content  ranging  from 

The  hardback  was  removed  from  SN-2,  and  SN-3  was  bolted  in  place 
on  SN-1.  After  30  minutes  in  the  oven  at  300°F,  the  assembly  was 
removed,  and  an  attempt  was  made  to  fold  the  part .  With  the 
application  of  iess  force  than  that  used  on  SN-2,  the  part  started 
to  fold  but  still  delaminated.  Approximately  60%  of  the  part  was 
delaminated  during  the  folding  operation  (see  Figure  5),  SN-3 
had  a  resin  content  ranging  from  32-38%. 

The  hardback  was  removed  from  SN-3  and  SN-4  was  bolted  in  place 
on  SN-1.  The  part  was  then  folded  at  room  temperature  with  some 
delamination  resulting.  Deploying  and  returning  the  part  to  its 
original  shape  required  very  little  effort  (approximately  1/10 
of  that  used  during  the  attempt  to  fold  SN-2  and  SN-3).  This 
part  was  then  recycled  (folded  and  unfolded).  (see  Figures  6  and 
7). 


A  fourth  experiment  was  performed  taking  a  casting  of  the  resin 
system  used  in  SN-3.  After  30  minutes  at  300°F,  the  resin  casting 
became  extremely  flexible,  in  fact  even  more  flexible  than  the 
other  thermoplastic  systems  castings. 

At  the  completion  of  the  demonstration,  the  Air  Force  gave  Monsanto 
the  go-ahead  to  purchase  the  preimpregnated  fabric  to  be  used  to 
make  four  tank  sections  for  test  and  enough  material  to  fabricate 
three  tanks.  The  irreversible  system  with  181  Voian  A  fabric  was 
selected  for  the  further  work, 

The  Air  For ce-f urnished  mold  and  serial  numbered  parts  1, 

4  were  given  to  the  Air  Force. 


IV 


2 ,  3  and 


The  program  at  that  time  was  to  use  praimpregnated  cloth  gores  for 
the  tank  fabrication. 

In  November  1967,  MHC  sent  a  representative  to  the  Cord o  Division 
of  Perro  Corporation,  Mobile,  Alabama,  to  witness  and  supervise  the 
preimpregnation  of  wing  tank  fabric.  Cordo  requested  the  following: 

1.  Change  boxing  size  to  50-75 
handling.  (This  was  granted). 

2.  Change  from  deionized  H20.  (All  MHC  work  was  based 
on  deionized  H20  and  this  could  not  be  changed). 

3.  Change  the  resin  solids  from  51.11/5  to  approximately 
15%.  Our  work  indicated  that  if  we  dropped  5%  acetone 
content,  we  would  have  a  thick  gel  that  would  not 
Impregnate  the  fabric.  (No  change  was  granted). 

4.  They  wanted  to  know  if  we  wanted  the  prepreg  packaged 
in  moisture-proof  bags.  The  answer  was  yes. 

5.  They  wanted  to  know  if  a  red  2-mil  polyethylene 
separator  film  would  be  satisfactory.  The  answer 
was  yes. 

Cordo  mixed  two  55-gallon  drums  of  resin  mix.  Two  test  runs  were 
made  to  adjust  wiper-  blade  settings,  chamber  temperature,  and 
velocity  of  fabric.  Cordo  ran  a  continuous  run  of  over  650  yards, 
taking  samples  at  the  beginning  of  Roll  No.  1  and  at  the  end  of 
each  roll  to  run  resin  solids,  resin  flow,  volatile  content,  and 
gel  time.  All  tests  showed  the  material  to  be  within  specifications 
(see  Figure  9).  Between  Roll  No.  1  and  Roll  No.  2,  a  roll  of  28 
years  was  scrapped  because  of  glass  fuzz  caught  on  the  wiping  blade. 
Other  problem  areas  Included  foaming  of  resin  In  resin  bath  during 
impregnating,  and  resin  pickup  from  tower  rolls.  The  foaming  was 
stopped  by  circulating  resin  in  resin  bath.  The  resin  pickup  from 
tower  rolls  could  not  be  stopped;  therefore,  there  are  small, 
localized  spots  of  excess  resin  on  one  surface  of  the  fabric.  The 
Cordo  certification  of  the  material  is  shown  in  Figure  8,  and  the 
Cordo  product  roll  log  is  shown  in  Figure  9. 

Two  basic  approaches  were  taken  to  determine  if  zone-curing  could 
be  achieved.  The  first  approach  was  to  locate  a  preform  between  two 
caul  plates.  The  caul  plates  and  specimen  were  put  in  a  preheated 
press  with  approximately  1/3  of  the  specimen  under  the  heated  platen 
of  the  press.  A  1/4  inch  copper  tube  was  located  over  and  under  the 
caul  plates  next  to  the  heated  platen.  The  copper  tube  was  crimped 
on  the  end,  and  48  No.  55  (9-952  dla.)  holes  were  drilled  on  half- 
inch  spacing.  Compressed  air  was  passed  through  the  tube  to  keep 
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the  area  not  to  be  cured  coci  (see  Figure  10).  The  part  was  cured 
for  3  hours  at  325°F  and  30  psl.  The  specimen  was  cut  in  half,  with 
one  piece  1/3  of  this  length  cured  and  the  other  2/3  uncured.  Half 
of  the  specimen  was  placed  between  two  caul  plates  and  press-cured 
( see  Figure  12 ) . 

A  second  approach  was  to  vacuum  bag  a  layup  of  12  plies  (MRC-MS-001) 
with  a  ply  of  nylon  bleeder  fabric  and  4  plies  of  cotton  bleeder 
over  the  layup.  A  6"  diameter  heating  duct  12"  long  was  placed  over 
the  layup,  and  an  infrared  (250  watt)  light  was  positioned  approxi¬ 
mately  13"  above  the  layup.  The  light  was  turned  on  for  2  hours, 
with  the  temperature  ranging  from  145°C  to  152°C  (29 3°Ir  to  305. 6°F) 
(Figure  11).  The  specimen,  as  shown  in  Figure  13,  has  a  black  line 
representing  the  location  of  the  6"  diameter  duct  around  the  cured 
spot . 

The  press-molded  process  gives  a  sharp,  straight  line  break  in  the 
cured-uncured  zone.  The  vacuum  bag  process  shows  a  ragged  edge 
around  the  cured-uncured  zone  and  also  indicates  a  possible  bleed- 
out  (low  in  resin  content)  of  resin  adjacent  to  the  cured  spot. 

Flexural  test  specimens  were  molded  and  tested  for  any  drop  in 
physical  properties  in  the  cured-uncured  zone  after  the  part  is 
completely  cured.  These  specimens  were  made  with  the  press  molding 
process  (see  Table  VII). 

In  December  1967,  Monsanto  Company  developed  a  one-step  process  for 
fabricating  a  wing  tank  of  honeycomb  sandwich  construction.  The 
honeycomb  was  of  Hexcel's  aluminum  honeycomb  type  Flex-core-5052- 
.0025-3.7  lb/cu  ft  density.  The  Flex-core  will  provide  the  flexi¬ 
bility  needed  to  fold  the  uncured  wing  tank.  However  when  the  tank 
is  fabricated,  we  will  have  to  use  zone-curing  in  conjunction  with 
the  honeycomb  sandwich  construction.  The  zone-curing  will  help  to 
hold  the  honeycomb  in  place  during  folding  and  unfolding. 

During  our  development  of  the  one-step  process,  MRC  fabricated  two 
panels  approximately  12"  x  12"  using  flex-core  honeycomb  1/4"  thick 
with  6  plie3  of  MRC-MS-001  prepreg  fabric  on  each  side  of  the  honey¬ 
comb.  The  panels  were  zone-cured  (using  our  press  method)  on  each 
end,  approximately  2"  x  12"  (see  Figure  14). 

Panel  (serial  number)  SN#  HS-1  was  folded  several  times  as  shown  in 
Figure  15.  The  inside  skin  separated  from  the  honeycomb  core,  but 
when  straightened  out  to  its  original  flat  shape  the  part  tended  to 
assume  its  original  shape.  The  panel  was  then  placed  into  a  press 
for  final  cure  (see  Figure  16).  It  should  be  noted  that  all  signs 
of  wrinkles  were  removed  and  the  panel  appeared  to  have  been  cured 

all  at  one  time. 
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B 


MRC  PHYSICAL  PROPERTY  TESTING 


To  assure  uniform  testing  of  the  pre-impregnated  fabric,  we  selected 
15  yards  from  Roll  Mo.  1.  4.  7.  in  and  13  or  Ccrdc  Roll  Mo.  4342, 
4345,  4348,  4351  and  4354.  The  thirteen  rolls  of  prepreg  were  manu¬ 
factured  in  consecutive  order.  Roll  #1  (or  Cordo  Roll  #4342)  was 
the  first  made  with  the  starting  yard  next  to  the  paper  core.  This 
meant  that  we  would  be  sampling  between  manufactured  yards  #36  and 
50,  185  and  200,  335  and  350,  503  and  518,  652  and  667. 

Pour  test  panels  12  in.  x  12  in.  x  0.125  in.  (12  ply)  were  made  from 
each  test  roll  sample.  Particular  care  was  taken  to  lay-up  the 
panels  to  give  each  ply  the  same  warp  direction.  Each  panel  was 
then  molded  for  three  (3)  hours  at  325°  +  10°P  at  30  psi.  The  tests 
conducted  on  each  roll  of  prepreg  are  shown  in  Table  VIII.  Three  (3) 
test  specimens  would  be  checked  in  each  of  three  warp  directions 
0° ,  45°  and  90°,  i.e.,  nine  (9)  specimens  from  each  test  roll  of 
fabric.  Five  (5)  test  rolls  were  to  be  tested  bringing  the  total 
to  forty-five  (45)  test  specimens  for  each  test.  The  layout  of  test 
panels  for  each  test  roll  is  shown  in  Figure  17.  Tho  test  results 
are  shown  in  Table  IX. 

Some  additional  physical  property  tests  were  conducted  on  samples 
with  varying  cure  cycles.  One  group  of  samples  was  cured  for  3 
hours  at  325°P  and  30  psi  (same  cure  as  specimens  made  and  tested 
in  Table  IX)  plus  a  post-cure  of  4  hours  at  400°P  (see  Table  X). 

These  specimens  appeared  to  be  equal  or  less  than  those  tested  in 
Table  IX.  Another  group  of  samples  was  cured  for  1  hour  at  250°F 
and  20  psi,  and  for  4  hours  at  400°F  and  30  psi  (see  Table  XI). 

Tests  indicated  that  this  cure  cycle  is  equal  to  or  less  than  those 
used  in  Table  IX. 
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DESIGN  CONCEPTS 


C  . 


1.  General  Approach 


in  order  to  achieve  the  general  objective  of  this  program,  several 
design  concepts  were  evolved.  In  the  analysis  of  these  design 
concents ,  primary  consideration  was  given  to  attaining  the  highest 
possible  nesting  ratio,  while  maintaining  structural  integrity, 
maximum  fuel  capacity  and  minimum  weight  requirements. 


2,  Design  Concepts  and  Configurations 

A  large  number  of  design  concepts  typical  to  this  type  of  program 
were  screened  from  the  feasibility  standpoint  and  the  remaining 
design  concepts  were  grouped  into  three  major  categories,  each 
having  several  configurations  as  follows: 


a.  Hardback  Design  Concept 

(1)  Pull  Length,  Half  Depth,  Hardback 

(2)  Pull  Length,  Partial  Depth  Hardback 

(3)  Partial  Length,  Partial  Depth  Hardback 

(4)  Partial  Hardback,  with  Bottom  Stiffener 

(5)  Saddle-Type  Hardback  with  Bulkheads 

b.  Rigid  Central. Section  Design  Concept 

(1)  Bellowed  Forward  and  Aft  Sections 

(2)  Collapsed  and  Rolled  Forward  and  Aft  Sections 

(3)  Folded  and  Overlapped  Forward  and  Aft  Sections 

c.  Miscellaneous  Design  Concepts 

(1)  Longitudinal  Stiffeners 

(2)  Hinged  Partial  Length  Rigid  Halves 

(3)  Hinged  Full  Length  Rigid  Halves 

(4)  Telescoping  Forward  and  Aft  Rigid  Sections 

In  order  to  make  a  selection  of  the  best  two  design  concepts  from  the 
twelve  different  concepts  presented  above  it  was  necessary  to  make 
trade-off  studies  from  the  weight,  stiffness,  nestability  and  field 
erection  standpoint.  All  these  design  concepts  with  their  respective 
cross-sections  and/or  end  views  are  shown  in  Figure  18. 


3. 


Discussion  of  Design  Concepts 


a .  Hardback  Design  Concept 

The  a.(l)  design  concept  is  advantageous  from  the  stiffness  and  load 
carrying  capability  viewpoint.  The  full  length,  half  depth  rigldized 
hardback  provides  ample  support  for  a  thin  shell,  and  the  load  path 
is  widely  and  uniformly  distributed.  This  design  concept  cannot, 
however  provide  more  than  2  to  1  nesting  ratio  and  also  has  the  unde¬ 
sirable  feature  of  excessive  weight  of  the  hardback.  If  the  depth 
of  the  hardback  is  reduced  by  moving  the  horizontal  edges  of  the 
hardback  above  the  centerline,  (i.e.,  the  subtending  angle  e  is  less 
than  180°),  design  concept  a.  (2)  results  which,  in  addition  to  having 
the  advantages  of  design  concept  a.(l),  will  have  the  improved 
nesting  ratio  of  more  than  2  to  1.  With  the  process  of  design  optimi 
zation  in  the  reduction  of  subtending  angle  0 ,  the  nesting  ratio  can 
be  increased  to  3-4  to  1. 

The  a. (3)  design  concept,  i.e..  Partial  Length  and  Partial  Depth  Hard 
back  offers  more  collapsible  area,  therefore  higher  nesting  ratio. 

The  smaller  size  of  the  hardback  itself  represents  a  reduction  in 
weight.  However,  the  weight  advantage  gained  in  the  reduced  hard¬ 
back  size  is  offset  by  the  additional  weight  of  the  excessive  shell 
thickness  which  is  mandatory  in  this  design  concept  (due  to  absence 
of  bulkheads)  to  maintain  structural  stiffness. 

Instead  of  Increasing  the  shell  thickness  to  achieve  structural  stiff 
ness,  a  longitudinal  stiffener  can  be  introduced  to  serve  the  same 
purpose.  This  results  in  design  concept  a. (4),  i.e..  Partial  Hard¬ 
back  with  Bottom  Stiffener,  which  has  good  load  carrying  capability, 
but  due  to  incollapsibility  of  the  stiffener,  the  nesting  ratio  is 
limited  to  2  to  1. 

The  design  concept  a. (5),  i.e.,  Saddle  Type  Hardback  with  Bulkheads 
is  another  way  of  maintaining  structural  integrity  of  the  tank  with¬ 
out  increasing  the  shell  thicknesses.  With  this  particular  design 
concept,  it  is  possible  to  increase  the  nesting  ratio  by  reducing 
the  hardback  size  and  increasing  the  collapsible  area  of  the  tank. 

The  bulkheads  provide  a  good  load  path  of  the  rigldized  hardback, 
at  the  same  time  reducing  the  effective  length  of  the  unsupported 
shell  for  buckling  considerations .  With  intricate  design,  a  nesting 
ratio  of  5-6  to  1  can  probably  be  achieved. 

b.  Rigid  Central  Section  Design  Concept 

In  the  design  concept  b.(l).  Bellowed  Forward  and  Aft  Sections,  it 
is  possible  to  attain  3-4  to  1  nesting  ratio,  depending  on  the  size 
of  the  central  rigldized  shell.  This  design  concept  also  provides  a 
protective  hard  shell  around  the  collapsible  portion  of  the  tank. 
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However,  the  multiple  folds  produced  by  bellowed  type  of  collapsing 
create  undesirable  problems  such  as  resin-rich  and  resln-poor  areas, 
reduction  of  strength,  aerodynamically  unsmooth  surfaces,  etc.,  all 
of  which  take  place  during  the  final  cure  thus  rendering  this  con¬ 
cept  disadvantageous .  In  general,  in  collapsible  fiber  reinforced 
plastic  structures  the  number  of  the  folds  should  be  kept  to  a 
minimum  In  order  to  avoid  the  undesirable  complications  aroused  by 
the  delaminations  and  the  lateral  interlaminar  movement  of  the  material. 

The  design  concept  b.(2)  was  intended  to  increase  the  nesting  ratio 
by  reducing  the  shell  size  and  rolling  the  forward  and  aft  sections 
to  avoid  the  disadvantages  of  bellowing  type  folds.  This  concept 
was  abandoned  due  to  the  resistance  of  the  material  to  roll  thereby 
creating  excessive  lateral  interlaminar  movement  of  the  layers.  A 
by  product  of  the  above  design  concept  is  the  b.(3)  design  concept, 
where  the  forward  and  aft  sections  were  overlapped  over  the  central 
rigidized  section  to  avoid  folding  delaminations  in  rolled  concept. 

This  design  concept,  while  eliminating  the  disadvantages  of  design 
concepts  b.(l)  and  b.(2)  above,  creates  larger  girth  size  of  the 
tank  in  collapsed  condition,  thus  jeopardizing  the  nesting  ratio 
requirements . 

In  addition  to  the  above  two  major  categorized  design  concepts, 
several  unrelated  miscellaneous  design  concepts  were  developed  (few 
of  which  are  described  below). 

c.  Miscellaneous  Des  i££L  Concepts 

In  the  breakdown  of  the  tank  by  components,  the  weight  of  the  hard¬ 
back  and/or  the  rigidized  central  section  in  any  one  of  the  above 
design  concepts  constitutes  the  major  percentage  of  the  total  weight 
of  the  tank.  It  was  therefore  deemed  necessary  to  eliminate  the 
hardback  and/or  the  rigidized  central  section  by  supporting  the  entire 
tank  with  longitudinal  stiffeners.  These  stiffeners  are  locally 
reinforced  and  interconnected  at  the  top  of  tank  in  the  suspension 
lugs  area  as  shown  in  cross-section  of  design  concept  c.(l)  in 
Figure  18,  Although  this  design  concept  offers  good  load  carrying 
capability  and  considerable  weight  reduction,  its  nesting  ratio  is 
compromised  because  the  precured  stiffeners  prevent  the  effective 
collapsing  of  the  tank. 

With  the  introduction  of  mechanical  hinges  in  the  supporting  section 
of  the  tank,  it  is  conceivable  to  increase  the  nesting  ratio  of  the 
tanks,  due  to  lesser  curvature  of  the  rigid  halves.  This  concept  is 
presented  iri  the  cross-section  of  design  concept  c.(2),  i.e.,  Hinged, 
Partial  Length,  Rigid  Halves  concept.  The  intricacy  of  design,  the 
hinge  sealing  problems  and  reduced  load  carrying  capability  of  the 
rigid  section  combined  with  the  difficulties  that  might  be  encountered 


in  the  field  erection  of  this  type  of  construction  are  the  undesir¬ 


able  features  of  this  concept.  The  structural  stiffness  and  the  load 
carrying  capability  can  be  increased  by  extending  the  rigid  supporting 
section  over  the  entire  length  of  the  tank  as  shown  in  c.(3)  i.e., 


Hinged  Full  Length  Rigid  design  concept.  This  slight  improvement  has 


the  penalty  of  excessive  weight  of  the  supporting  structure  and  the 


impractlcality  of  having  hinges  at  double  curvature  areas  forward  and 
aft  of  the  central  cylindrical  section  of  the  tank. 


The  c.(^)  design  concept  i.e.,  Telescoping  Forward  and  Aft  Rigid  Sec¬ 
tions,  has  the  advantage  of  having  the  entire  tank  cured  in  sections 
prior  to  shipping,  thereby  eliminating  field  curing  difficulties.  The 
only  curing  to  be  performed  at  the  field  is  the  curing  of  attachments 
and  Joints,  which  could  be  accomplished  at  room  temperature.  However, 
this  design  concept  is  not  exactly  within  the  scope  and/or  objectives 
of  this  contract  and  is  included  here  only  as  a  suggestion  for  future 
contracts  and  design  feasibility. 


Conclusions 

From  the  above  discussions,  it  is  apparent  that  in  general  each  and 
every  design  concept  has  certain  advantages  and  disadvantages.  It 
is  also  apparent  that  in  the  final  analysis,  the  advantages  outnumber 
the  disadvantages  of  the  hardback  concepts,  After  a  thorough  eval¬ 
uation  of  the  hardback  concepts  by  the  WPAFB  representatives, 

Monsanto  Research  Corporation,  and  North  American  Rockwell  Corpora¬ 
tion,  from  the  weight,  stiffness,  nestability  and  ease  of  the  field 
erection,  the  selection  of  the  design  was  narrowed  down  to  two  con¬ 
cepts,  design  concept  a. (2),  Full  Length,  Partial  Depth  Hardback 
and  design  concept  a. (5),  Saddle-Type  Hardback  with  Bulkheads.  The 
selection  of  one  of  the  above  mentioned  two  design  concepts  was 
finalized  by  means  of  a  series  of  tests  of  lay-ups,  zone  curings, 
collapsibillty ,  and  final  rigidization .  The  results  are  presented 
in  the  next  section. 


D. 


EXPLORATORY  TEST  PHASE 


1.  General  Discussion  of  Tests 

The  resin  system  evaluation,  the  zone  curing,  and  the  physical  prop¬ 
erty  tests  of  the  material  used  in  this  program  were  conducted.  The 
data  were  supplied  by  Monsanto  Research  Corporation,  as  described  in 
sections  A  and  B  .  To  gain  further  insight  Into  the  properties 
of  the  material  and  Its  behavior  under  certain  prescribed  conditions 
for  tooling  and  manufacturing  purposes,  several  exploratory  tests 
were  carried  out  at  North  American  Rockwell  Corporation.  Since  some 
of  the  phases  of  the  tooling  concepts  were  the  first  of  their  kind, 
development  required  certain  feasibility  tests  on  some  of  the  mate¬ 
rials  and  processes  used.  Also,  in  order  to  evaluate  the  two  best 
design  concepts  (selected  in  section  C  above)  from  the  workability, 
adhesion  and  collapsibi lity  standpoints,  and  thus  be  able  to  select 
a  final  design  concept,  several  test  specimens  were  manufactured  and 
subjected  to  the  above  tests  These  test  specimens,  simulating 
various  portions  of  the  tank,  will  be  discussed  in  the  following 
subsections  - 


2.  Test  Classifications 

All  the  tests  described  in  the  above  discussion  are  grouped  and  cate¬ 
gorized  under  the  following  general  classifications: 

a.  Tank  Material  Physical  Property  Tests 

(1)  Thermal  Characteristics 

(2)  Compression  Modulus  and  Ultimate  Stress 

(3)  Bearing  Strength  and  Maximum  Stress 

(4)  Sandwich  Compression  Stress 

(5)  Compaction  Rate 

b.  Tooling  Material  Physical  Property  Tests 

(1)  Granule  Compaction  Rate 

(2)  Thermal  Characteristics  of  Female  Tool  Material 

(3)  Parting  Agent  Tests 

c.  Collapsiblllty  Tests 


(1) 
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of  c  ( 1 ) 

and  c . (2) 

Assembly  Tests 

(1)  Nccc-Ccne  Selling  Ring  Assembly 

(2)  Tall-Cone  Bolting  Ring  Assembly 

(3)  Bulkhead  Attachment  and  Bonding 


3.  Test  Results 

a.  Tank  Material  Physical  Property  Tests 

In  order  to  determine  the  coefficient  of  thermal  expansion  and  the 
decomposition  temperature  two  specimens  with  dimensions  7/16"  x 
15/16"  x  3"  were  prepared  from  the  material  used  for  the  tank  manu¬ 
facture  and  subjected  to  the  following  tests: 

Test  1  -  Coefficient  of  Thermal  Expansion,  from  Room 
Temperature  to  350°F. 

Test  2  -  Decomposition  Temperature 

Four  runs  were  made  on  specimen  used  in  test  1,  (R.T.  to  350°F). 
Expansion  was  the  same  in  all  four  runs  indicating  good  reproduci¬ 
bility.  These  data  are  shown  in  Figure  19 .  Coefficient  of  Thermal 
Exp 'nsion  (a)  is  calculated  as  follows: 


a(78°F  -  350°F)  = 


3.6  x  10_6/°F 


“(26°C  -  177°C)  = 


6.6  x  10"6/°C 


It  was  also  observed  that  the  weight  loss  in  these  four  cycles  was 
only  O.O69  grams  on  an  original  specimen  weight  of  37.247  grams. 

Specimen  § 2  was  used  in  test  2  and  run  to  decomposition.  The  per¬ 
cent  expansion  through  350°F  was  identical  to  that  of  Specimen  #1. 
Decomposition  occurred  at  545°F( 285°C) .  The  recommended  temperature 
limit  therefore  is  500°F,  which  is  far  beyond  the  working  temperatures 
for  this  contract.  The  weight  loss  on  this  specimen  (originally 
weighing  37.044  grams)  was  observed  to  be  0.721  of  one  gram.  The 
Coefficient  of  Thermal  Expansion  (a)  can  again  be  calculated  from 
the  data  of  this  specimen  shown  in  Figure  19 • 


a(78°F  -  545°F) 


=  3-6  x  10~6/°F 


(26° C  -  28 5° C) 


=  6.6  x  10_6/°C 
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ru-'  on  HAh.-'iOP  Automatic  Recording  Thermal  Expansion 


Tests  1  and  -  were 
Dllat  ometer . 


The  Compression  modulus  and  Ultimate  Stress  test,  the  Beaming  Strength 
and  Maximum  Bearing  Stress  test  and  the  Sandwich  Compression  tests 
were  conducted  primarily  ro  study  the  hardback  and  the  precured  land 
area  characteristics 

For  the  Compression  Modulus  and  Ultimate  Stress,  test  specimens  were 
prepared  from  12"  x  12"  panels  made  from  a  laminate  of  12  plies  of 
tank  material  The  specimens  were  machined  and  tested  as  per  LP  40 6 
Method  1021  of  Reference  ( 2 i •  Two  cure  temperature  and  pressure 
combinations  were  used:  325°F  with  30  psl  pressure  and  1-1/2  hours 
curing  time;  and,  l\2cjJF  with  15  psi  pressure  and  1-1/2  hours  curing 
time.  Anticipating  reduced  cure  pressure  requirements  (in  case  the 
prior  combination  resulted  Into  complex  tooling  build  up)  which 
could  be  compensated  by  Increased  temperature,  the  second  pressure 
and  cure  temperature  combination  was  conducted.  The  results  of  the 
above  tests  are  shown  in  Table  XIII,  It  can  be  observed  that  the 
Compression  Modulus  Is  higher  than  those  supplied  in  Section  A  and 
B  above 

The  test  specimens  for  Bearing  Strength  were  machined  and  tested  as 
per  LP  406  Method  1061  of  Reference  '2).  The  tank  material  was 
cured  at  3  3  5 0  P  using  12"  x  1 2"  laminate  of  12  plies,  unde,  vacuum 
bag  pressure.  The  results  of  deformation  of  the  hole  and  maxi¬ 
mum  stress  sustained  by  r.he  five  specimens  are  shown  in  Table  XIV 
of  Appendix  II. 

The  use  of  sandwich  structure  for  the  hardback  and  the  bulkhead 
components  necessitated  two  tests  for  study  of  the  adhesion  of  the 
material  to  the  sandwich  core  The  first,  test,  Involving  two  test 
specimens  concentrated  on  the  area  where  the  two  0.040  inch  tank  mate¬ 
rial  skins  were  bonded  to  the  sandwich  core  with  EC2216  adhesive. 

The  second  test  also  Involved  two  specimens  with  the  same  geometry, 
but  no  adhesive  was  used.  The  test  results  are  as  follows: 


Specimen 

Skin 

Load 

Stress 

Number 

Thi ckness 

Lbs  . 

psi 

1 

2  x  0-040  in. 

8  30 

8,943  n 

w/adhesive 

2 

2  x  0 . 0 4 0  in 

1  ,''00 

i a  ,956  J 

.1 

•2  X  0  O'to  In 

1 ,160 

1 2 , 4  4  6  -| 

w/o  adhesi 

2 

2  x  0.0  40  is: 

l  ,090 

11,546  J 

Although  the  averages  of  the  first  and  second  tests  are  very  close 
(11,9^9  psi  and  11.996  psl .  respectively)^  the  consistency  of  the 
results  of  the  second  test  data  indicate  that  when  using  the  tank 
material  in  a  sandwich  structure,  no  adhesive  is  necessary  and  the 
tank  material  has  good  adhering  properties. 

In  order  to  establish  the  variables  controlling  the  dimensional 
tolerances  of  male  mandrel  and  final  female  curing  tool,  a  tank  mate¬ 
rial  compaction  rate  test  was  performed  as  follows: 

Test  1  was  conducted  with  uncured  material  to  establish  average 
material  thickness  under  hand  weight  in  lay-up.  A  weighted  dial 
indicator  was  used  on  one  lamination  as  shown  in  Figure  22.  To 
simulate  hand  pressure,  a  1.8  pound  weight  was  used  over  a  circular 
area  (1.875  in.  diameter).  This  is  equivalent  to  about  12  pounds 
pressure  per  average  hand.  The  results  of  five  specimens  varied 
from  0.016  to  0.018  Inches  in  thickness.  Test  2  was  conducted  in  a 
similar  manner  as  Test  1  to  establish  the  thickness  of  built-up 
laminate  of  4,  8  and  14  plies.  Tne  averages  of  the  results  were 
0.06l,  0,119,  and  0.208  inches  of  thickness  for  4,  8,  and  14  ply 
laminates,  respectively.  This  indicates  that  the  compaction  rate 
Increases  with  increased  number  of  plies,  because  the  average  thick¬ 
ness  of  each  ply  in  the  above  laminates  was  0.0155,  0.0149,  and 
0.0148  Inches,  respectively. 

Test  3  was  performed  to  establish  the  thickness  of  a  built-up 
laminate  under  vacuum  pressure.  The  vacuum  was  applied  after  the 
lay-up  of  each  two  plies  as  shown  in  Figure  21(c).  The  results  of 
4,  8,  and  14  ply  laminates  were  0.0515,  0.0995,  and  0.1735  Inches 
in  thickness  with  Individual  ply  thicknesses  of  0.0129 
and  0.0124  inches,  respectively.  The  end  product,  l.e 
ply  laminate,  was  cured  under  vacuum  335°F,  and  a  new  set  of  thick¬ 
ness  measurements  indicated  a  variation  of  0.172  to  0.176  inches  on 
the  entire  area.  In  test  4,  a  total  of  14  plies  were  laid-up  and 
vacuum-bagged  only  once.  The  laminate  was  cured  under  the  same 
conditions  as  test  3>  and  the  results  of  the  measurements  had  a 
variation  of  0.187  to  0.194  inches.  An  intentional  wrinkle  was  put 
in  the  bag  material,  as  shown  in  Figure  21(d)  j  however,  no  appreciable 
effects  were  noted.  The  comparison  of  the  final  results  of  tests  3 
and  4  indicated  beneficial  effects  of  multiple  vacuum-bagging  on  the 
overall  laminate  thickness. 

b.  Tooling  Material  Physical  Property  Tests 

The  under  vacuum  compaction  rate  of  the  "SCR  Veri-Lite"  granules  used 
in  the  construction  of  male  mandrel  was  part  of  the  overall  require¬ 
ments  for  establishing  the  variables  affecting  the  dimensional  toler¬ 
ances  of  the  tools  used  in  this  program.  A  metal  cylinder  approxi¬ 
mately  12"  high  and  22"  m  diameter  was  used  as  a  preliminary  tool  in 


> 

•  A 


0.0129, 

the  14 
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liij-,  U,1  r,  rate.  The  inside  of'  the  cylinder  was  lined  with 
vacuum  bag  material,  sealed  and  filled  with  the  above  mentioned 
granules.  The  test  set-up  is  shown  In  Figure  23.  In  filling  the 
cylinder  with  granules,  compaction  was  achieved  by  hand  vibrating 
the  entire  assembly  and  then  applying  vacuum  to  the  bag.  The 
reduction  i  ri  the  overall  dimensions  was  much  less  than  oy inerted. 

An  accurate  measurement  indicated  a  reduction  of  0.030  inches  in  the 
22  inch  diameter  and  almost  no  change  in  the  height  of  the  cylinder. 
This  factor  and  the  relatively  inexpensive  cost  of  the  SCR  Veri— Lite 
granules  was  conducive  to  the  decision  of  manufacturing  the  male 
mandrel  from  this  material. 

In  order  to  determine  the  coefficient  of  thermal  expansion  of  the 
material  from  which  the  final  curing  female  tool  was  to  be  manu¬ 
factured,  two  specimens  with  the  dimension  of  3"  x  3"  x  1/2"  were 
prepared  from  the  following  composite: 

2  Plies  of  2P122  Surface  fabric  (TREVARNO) 

4  Plies  of  2P146  0.015  Glass  fabric  (TREVARNO) 

6  Plies  of  H21  Tricon  0.070  Glass  fabric  (W1MPHEIMER ) 

PR  47  Surface  Preparation  Resin 
PR  41  Laminate  Resin 

These  specimens  were  tested  in  HARROP  Automatic  Recording  Thermal 
Expansion  Dilatometer  for  the  following  three  tests: 

Test  1  -  Coefficient  of  Thermal  Expansion  from,  Room 
Temperature  to  0 0 0 F  in  the  x-direction 

Test  2  -  Coefficient  of  Thermal  Expansion,  from  Room 
Temperature  to  400°P  in  the  y-direction 

Test  3  -  Deterioration  Temperature 

For  tests  1  and  2,  the  percent  expansion  at  400°F  (204°C)  was  mea¬ 
sured  in  x-direction.  The  specimen  was  then  rotated  90°  and  measured 
in  the  y-direction.  The  temperature  then  was  increased  for  test  3. 
The  first  signs  of  deterioration  appeared  at  46 5°F.  The  results  of 
all  three  tests  are  shown  in  Figure  20,  The  recommended  top  tempera¬ 
ture  limit  for  this  material  is  400°F. 

The  coefficient  of  Thermal  Expansion  (x)  is  calculated  as  follows: 

For  the  x-direction: 


a ( 7  8°F-4oo°F ) 


=  9.3  x  1 0 “ 6 / 0 F 


'  ( 26°C-204°C ) 


=  16.9  x  10~(>/°C 


« 


For  the  y-directlon: 


As  indicated  by  the  curves  of  tests  in  the  y-direction  on  Figure  20, 
there  is  an  apparent  phase  change  with  an  accompanying  volume  increase 
at  approximately  300°F  (l65°C).  This  does  not  appear  in  the  test 
curve  for  the  x-direction  and  does  not  reflect  a  significant  change. 


Also,  the  weight  losses  and  dimensional  changes  after  two  exposures 
at  4 00° F  were  nil. 


Because  of  close  tolerance  dimensioning  of  the  tank  and  final  female 
curing  tool  and  in  order  to  avoid  freezing  the  part  in  the  tool,  it 
was  necessary  to  have  one  of  the  best  mold  releases  or  parting  agents. 
Two  major  tests  were  conducted  with  emphasis  on  the  materials  used 
and  the  sequence  of  operations  as  follows: 

In  test  1,  the  tool  surface  was  first  cleaned  thoroughly  (with  steel 
w ; o 1  and  solvents)  of  all  excess  resin  build  up.  After  applying 
lecithin  to  the  entire  surface,  the  tool  was  put  in  the  oven  for  one 
(1)  hour  at  200°F.  Excess  lecithin  was  wiped  from  the  surface  after 
removing  the  tool  from  the  oven.  After  repeating  the  above  opera¬ 
tion  three  times,  three  coates  of  Number  2130E  Parting  Agent  was 
applied  to  the  tool  surface  (allowing  each  coat  to  dry  1/2  hour)  and 
then  buffed.  As  a  last  step,  fluorocarbon  was  applied  without  wiping. 

In  test  2,  the  tool  surface  was  again  cleaned  of  all  foreign  matter, 
coated  with  R671  agent,  and  placed  in  the  oven  at  300°F  for  12  hours. 
After  cooling  down  the  tool,  three  coats  of  Traffic  Wax  Paste  was 
applied  to  the  tool  surface.  Each  coat  was  allowed  to  dry  for  1/2 
hour  and  buffed  prior  to  the  application  of  the  next  coat.  Finally 
fluorocarbon  was  applied  without  buffing. 

Because  the  results  of  test  2  were  far  superior  to  those  of  test  1, 
the  second  method  was  adopted  in  manufacturing  of  the  tanks . 


Collapsibility  Test 


To  demonstrate  and  evaluate  the  ability  of  the  tank  structure  to 
collapse  and  expand  with  ease  and  to  substantiate  the  advantages  of 
previously  selected  design  concepts,  it  was  necessary  to  fabricate 
several  test  specimens  representing  critical  sections  of  the  tank 
and  test  these  specimens  early  in  the  design  phase  of  the  program. 
These  specimens  were  fabricated  with  dimensions  within  acceptable 
tolerance  (+  l/1!  in.)  to  the  actual  dimensions  of  the  tank. 
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At  the  outset,  it  was  intended  to  zone  cure  the  precured  areas  by 
heating  blankets  and  by  applying  the  pressure  through  the  autoclave. 
This  method,  however,  was  unsatisfactory  due  r.n  unennt- ml  l pd 
uneven  application  of  heat  and  complicated  electrical  and  vacuum 
hook-up.  An  earlier  test  specimen  with  all  its  complexity  of  wiring, 
etc. ,  is  shown  m  Figure  Consequently,  the  entire  so ne  curing 

procedure  was  reversed,  1  e  ,  it  was  decided  to  apply  heat  and 
pressure  through  the  autoclave  and  cool  the  collapsible  (uncured, 
B-staged)  portion  of  the  tank  by  means  of  water  conduits.  The 
tools  and  their  fabrication  for  these  test  specimens  and  also  for 
the  bolting  rings  are  described  in  Section  F  and  shown  in  Figure  25 
and  Figure  28 

A  total  of  four  specimens  were  fabricated,  two  for  each  of  the  design 
concepts  selected  in  Section  C,  i  e-,  one  cylindrical  and  one  conical 
test  specimen  [c,(l)  and  e.(3>,  respectively]  for  design  concept 
a, (2)  -  Full  Length,  Partial  Depth  Hardback,  and  one  cylindrical  and 
one  conical  test  specimen  [c.(?)  and  c .  ( 4  ) ,  respectively]  for  design 
concept  a.  (5 '’-Saddle-type  Hardback  with  Bulkheads.  In  the  case  of 
the  later  specimen,  it  was  decided  that,  for  the  test  phase  above, 
the  ^5°  inclines  at  each  end  of  the  hardback  [See  Figure  18,  a. (5)] 
should  be  eliminated  to  simplify  the  fabrication  of  the  test  specimen. 
The  inclines  were  made  perpendicular  to  the  edge  of  the  hardback, 
similar  to  design  concept  a, (3)  as  shown  in  Figure  27. 

The  hardback  sections  of  both  cylindrical  test  specimens  were  fabri¬ 
cated  from  a  sandwich  structure  consisting  of  two  skins  consisting 
of  seven  plies  of  tank  material  and  3/^  in.,  thick  flexible  aluminum 
alloy  core.  The  design  drawings  for  both  cylindrical  specimens  with 
pertinent  details  are  shown  in  Figures  26  and  27. 

The  first  specimen  tested,  the  cylindrical  test  specimen  e.(2), 
represented  the  cylindrical  section  of  the  tank  in  the  saddle-type 
design  concept  with  the  above  mentioned  deviation.  Figure  30 
represents  the  precured  and  assembled  partial  hardback.  Figures  31 
and  32  show  the  collapsible  portion  of  the  test  specimen  added  to 
the  above  hardback,  B-staged  and  collapsed  in  a  multiple  fold, 
indicating  the  f-.-as  Ibi  li  t  y  of  a  good  nesting  ratio  of  this  concept. 
Figure  33  shows  > he  final  product  after  the  test  specimen  was 
expanded  and  rigj.di.zed  by  curing  in  325°F  temperature  for  three 
(3)  hours 

The  second  specimen  r  •  be  tested  was  the  conical  test  specimen  c ,  ( ^4 ) 
representing  the  afr  rical  section  of  the  tank  in  the  saddle-type 
design  concept  In  the  final  full  scale  tank  design,  the  forward 
and  aft  comca'i  sections  of  the  tank  were  nested  in  a  precured 
component  used  for  the  attachment  of  the  nose  and  tail  cones.  These 
components  or  Bo : r . ng  Hinge.  were  also  simulated  for  the  test  speci¬ 
mens  c  (3)  arid  e  <  'i  1  The  aft  conical  section  was  laid-up  from  seven 
plies  of  tank  ina’enal  m  accordance  with  the  design  drawing  of 
Figure  29. 
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The  three  conditions  of  this  conical  test  specimen  (collapsed  after 
B-staging)  expanded  and  final  cured  conditions  are  shown  In  Figures 
34,  35 j  and  36,  respectively.  Both  of  the  above  specimen.;  vs re 
cured  under  vacuum  Bag  pressure  (^14.7  psi)  due  to  a  malfunction  in 
the  autoclave,  and  the  fact  that  the  tests  had  to  be  witnessed  by 
Monsanto  Research  Corporation  and  Wright «Pattera on  Air  Force  Base 
representatives  who  were  present  at  that  particular  date. 

Both  of  the  following  test  specimens,  i.e.,  cylindrical  and  conical 
test  specimens  [ c . ( 1 )  and  c.(3),  respectively]  representing  the 
cylindrical  and  conical  sections  of  the  tank  in  the  Full  Length 
Partial  Depth  Hardback  design  concept  were  cured  under  30  psi 
pressure,  at  335°F  for  3  hours. 

The  cylindrical  tool  and  the  vacuum  bagged  cylindrical  test  speci¬ 
mens  can  be  seen  in  Figures  37  and  38,  respectively.  Figure  39 
represents  the  B-staged  and  collapsed  cylindrical  specimen  c.(l), 
and  Figure  40  is  the  final  product  after  expansion  and  rigidization. 
The  conical  test  specimen  tool  and  the  cooling  coils  before  and  after 
curing  of  the  upper  portion  of  the  specimen  are  shown  in  Figures  41 
and  42.  The  collapsed  specimen  after  B-staging,  the  expanded  and 
final  cured  product  are  shown  in  Figures  43,  44,  and  45,  respectively. 

The  results  of  all  four  test  specimens  above,  especially  the  cylincri- 
cal  test  specimens,  were  exceptionally  good.  In  addition  to  demon¬ 
strating  high  nesting  ratio,  the  tank  material  exhibited  good  worka¬ 
bility  and  excellent  Joining  and  bonding  properties. 

The  buckling  stresses  were  the  most  critical  because  of  negative 
design  requirements.  Therefore,  the  two  cylindrical  test  specimens 
were  subjected  to  a  vacuum  burst  test  to  substantiate  the  shell 
thickness  established  in  the  stress  analysis  section  of  this  report. 
Both  ends  of  each  cylinder  were  blocked  and  sealed  as  shown  in  the 
test  set-up  in  Figure  46.  The  cylindrical  test  specimen  c.(l)  which 
was  34  inches  high  failed  at  -13.5  psi  pressure,  i.e.,  at  150?  of 
design  pressure.  The  cylindrical  test  specimens  c.(3)  which  had  a 
height  of  28  inches  did  not  fail  in  buckling  or  in  Joint  separation 
at  almost  perfect  vacuum.  This  represents  a  160?  level  of  design 
pressure.  No  pressure  loss  or  leakage  was  observed  in  either  of 
the  two  cylinders. 

d.  Assembly  Tests 

A  review  of  final  design  and  tool  drawings  indicates  an  opening  at 
the  forward  and  aft  ends  of  the  wet  portion  of  the  tank.  These 
openings  are  designed  for  the  removal  of  the  male  mandrel  supporting 
shaft  after  tank  lay-up  and  subsequent  B-staging.  To  block  and  seal 
these  openings,  a  precured  component  was  designed  to  accept  the 
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conical  forward  and  aft  sections  of  the  tank-  These  components, 

(shown  in  Figures  -7  and  48)  termed  Bolting  Ring  and  Pan.  in  addition 
to  sealing  the  tank  ends  also  serve  the  aual  purpose  of  bolting  the 
nose  cone  and  tail  cone  to  the  tank. 

Except  for  their  size,  the  assemblies  for  the  nose  and  tail  cones 
bolting  rings  and  pans  are  identical.  The  ring  and  pan  were  bonded 
with  AF-126-2  adhesive  and  cured  in  accordance  with  Process  Speci¬ 
fications,  Appendix  V.  This  assembly  was  then  bonded  to  the  tank 
end  by  applying  EC-2216  adhesive  to  the  faying  surfaces.  Assembly 
tests,  necessary  to  assure  perfect  bonding  with  no  leakage,  were 
conducted  simultaneously  with  the  conical  test  specimens  of  the 
oollapsibi lity  test  in  sub-section  c.  above.  The  preoured  bolting 
ring  and  pan,  resubjected  to  heat  in  the  process  of  curing  the  conical 
test  specimens,  exhibited  some  softening  of  those  areas  that  did  not 
have  pressure  applied  to  them,  This  softening  is  characteristic  of 
most  epoxy  matrix  materials.  It  is  somewhat  excessive,  however, 
in  the  tank  material. 

Because  of  this  softening  of  the  tank  material  in  the  process  of 
reheating,  the  bulkhead  attachment  tests  were  abandoned,  and  it  was 
concluded  that  the  tank  material  is  net  suitable  for  fabrication  of 
precured  components  such  as  bulkheads,  bolting  rings,  pans,  and 
attachment  angles  .  Since  the  material  to  be  used  for  the  fabrication 
of  the  above  mentioned  components  was  optional,  it  was  decided  to 
use  181E  glass  instead. 


4.  Conclusions 


Based  on  the  results  -f  the  above  exploratory  tests,  expecially  the 
collapsibl lity  test  in  sub-section  c,,  it  was  concluded  that  the 
design  concept  c.( 55,  i-e  ,  Saddle  Type  Hardback  with  Bulkheads  is 
by  far  the  most  advantageous  design  concept.  These  advantages  are: 
1)  higher  nesting  ratio,  presently  3-4  to  1  and  possibly  7  to  1  with 
overall  design  optimization.  S'*  weight  saving  feature  of  the  partial 
hardback  compared  to  full  length  hardback,  3)  stiffness  and  good 
load  carrying  capability  with  the  introduction  of  bulkheads,  and 
4)  ease  of  field  erection  and  final  curing. 


E 


FULL  SCALE  TANK  DESIGN  AND  ANALYSIS 


1.  Discussion 


In  the  preceding  sections  it  was  determined  that  the  design  concept 

a. (5),  i.e.,  Saddle-Type  Hardback  with  Bulkheads  was  the  most  suitable 
design  concept  for  this  development  program.  In  addition  to  the 
advantages  enumerated,  the  final  design  configuration  was  also  dictated 
by  1)  trade-offs  in  the  engineering,  tooling  and  manufacturing  efforts 
and  2)  certain  preferences  of  Air  Force  and  Monsanto  Research  Corpora¬ 
tion  . 

At  the  outset,  it  was  obvious  that  the  number  of  precured  bulkheads  in 
a  collapsible  tank  should  be  kept  to  a  minimum  in  order  not  to  jeopar¬ 
dize  the  nesting  ratio  or  affect  the  simplicity  of  field  erection.^ 

The  shell  thicknesses  of  the  tank  tend  to  increase  as  the  number  of 
bulkheads  are  reduced  thus  increasing  the  weight  of  the  structural 
integrity  equivalent  to  that  of  the  metal  tank  which  not  only  is 
constructed  of  higher  strength  material  but  also  has  seven  stiffening 
bulkheads.  Several  stress  analyses,  therefore,  have  been  performed 
to  determine  the  optimum  trade-offs  of  structural  integrity,  tank 
weight,  and  nesting  ratio. 

While  designing  the  collapsible  tank,  a  new  and  unique  method  of 
curing  was  adopted  at  the  North  American  Rockwell  Corporation.  The 
method  which  has  been  in  the  laboratory  stage  for  the  last  few  years, 
consists  of  curing  the  B-staged  semi-final  product  with  positive 
pressure  (as  opposed  to  the  conventional  vacuum  bagging  method). 

The  above  method  is  the  first  known  industrial  application  for  such 
a  full  scale  component.  The  expandable  elastic  nag,  designed  to  apply 
positive  pressure  to  the  tank,  served  the  dual  purpose  of  being  the 
male  mandrel  tool  for  the  fiber  glass  lay-up.  For  this  reason,  the 
details  of  the  bag  development  are  discussed  in  the  tooling  section 
of  this  report . 


2.  Design  Considerations 


The  factors  affecting  the  full  scale  collapsible  tank  design  were 
influenced  by  several  independent  and  major  components  of  the  tank 
including : 

a.  Physical  size  of  the  hardback 

b.  End  cone  attachments 

c.  Internal  plumbing  of  the  tank 

d.  Access  hole  for  repairs 
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Each  one  of  these  design  factors  Is  discussed  In  the  following  sub¬ 
sections-  The  design  drawings  and  details  are  included  as  Figures 
49  through  57  inclusive,  in  Appendix  I. 

a.  Physical  Size  of  the  Hardback 

In  a  preliminary  stress-analysis  ''later  substantiated),  it  was  indi¬ 
cated  that  the  use  of  two  bulkheads  was  sufficient  for  the  strength 
requirements  of  the  collapsible  tank  after  rlgidization .  In  addi¬ 
tion  to  locating  these  two  bulkheads  somewhat  equidistant  from  the 
center  of  gravity  of  the  tank,  it  was  desirable  to  limit  their  extent 
to  the  cylindrical  portion  of  the  tank,  i,e.,  Stations  66.0  to  100.0, 
for  uniformity  of  design,  tooling  and  manufacture.  It  was  also 
desirable  to  encompass  these  bulkheads  with  the  widest  possible  section 
of  the  hardback  to  create  better  load  carrying  capability.  Also  the 
subtending  angle  0  was  kept  at  180°  to  facilitate  the  assembly  of  the 
bulkheads.  As  a  result,  the  widest  section  of  the  hardback  had  to  be 
at  least  30  Inches  long  and  semi-cylindrical.  The  two  ends  of  the 
hardback  were  beveled  upward  toward  the  upper  mold  .line  of  the  tank, 
thus  making  the  longest  dimension  of  the  hardback  about  60  inches. 

Initially  the  hardback  was  to  be  bonded  to  the  collapsible  portion 
of  the  tank.  Accessibility  requirements  dictated  that  the  hardback 
be  bolted  instead. 

b .  End  Cone  Attachments 

One  of  the  factors  affecting  the  design  of  the  final  configuration  of 
the  tank  was  the  problem  of  attaching  the  nose  cone  and  the  tail  cone 
and  fins  to  the  tank  wet  area  (see  Figure  62).  To  avoid  the  compli¬ 
cations  of  sealing  for  fuel  leakage,  it  was  decided  that  the  end 
cones  would  be  bolted  to  precured  parts,  termed  Bolting  Ring  and  Pan, 
and  then  would  be  bonded  to  the  main  body  of  the  tank.  Allowances 
were  made  by  stepping  both  the  design  and  tooling  of  the  tank  to 
accept  the  Bolting  Ring  and  Pan  assembly  while  maintaining  the  aero- 
dynamically  smooth  surface  of  the  tank. 

c.  Internal _ Plumbing  of  the  Tank 

Initially,  the  Northrop  Corporation  F-5  metal  wing  tank  was  to  be 
cannibalized,  and  certain  components  inc  hading  the  internal  plumbing 
in  the  collapsible  tank  was  to  be  used  Instead,  a  Sergeant  Fletcher 
tank  with  different  mold  line  data,  plumbing  layout  and  dimensioning 
was  delivered  to  North  American  Rockwell  Corporation  by  the  Air 
Force.  Since,  at  the  time  of  delivery  of  the  new  metal  tank,  the 
design  of  the  collapsible  ta^k  was  well  advanced  in  accordance  with 
the  F-5  tank  data,  the  use  of  the  internal  plumbing  in  the  collapsible 
tank  was  abandoned  due  to  dimensional  and  layout  mismatch.  However, 
this  situation  did  not  eliminate  the  potential  use  of  gas  cap,  vent 
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line  and  fuel  line  nipples,  suspension  lugs  and  sway  brace  contact 
points  in  the  design  of  the  outer  skin  of  the  collapsible  tank.  This 
necessitated  making  special  provisions  for  local  stiffness  in  the 
hardback  area  for  some  of  the  above  mentioned  fittings  and  extending 
the  length  of  the  hardback  to  include  all  the  fittings. 

d.  Access  Hole  for  Repairs 

Although  the  actual  installation  of  plumbing  was  eliminated,  it  was 
still  necessary  (for  realistic  simulation)  to  have  an  access  hole  for 
plumbing  repairs  in  the  upper  central  portion  of  the  tank.  The 
diameter  of  the  access  hole  in  the  metal  tank  was  in  the  vicinity  of 
8  inches.  The  Air  Force,  however,  preferred  to  have  an  access  hole 
of  at  least  18  inches  in  diameter.  The  size  of  this  access  hole 
and  the  fact  that  there  were  no  provisions  made  for  having  bulkheads 
immediately  adjacent  to  it  endangered  the  load  carrying  capability 
of  the  hardback.  Finally,  it  was  decided  tc  eliminate  the  access 
hole  altogether  and  make  the  entire  hardback  removable  in  order  to 
gain  access  to  the  interior  of  the  tank  for  repairs. 

There  are  two  advantages  associated  with  the  above  change.  First, 
the  bulkheads  can  be  permanently  installed  in  the  tank,  by  bonding, 
after  the  collapsible  portion  of  the  tank  is  rigidized.  Secondly, 
more  bulkhead  to  tank  skin  contact  area  can  be  achieved  with  the 
possibility  of  lowering  the  bulkheads  into  the  tank  parallel  to  the 
longitudinal  axis  of  the  tank  and  then  rotating  them  90  degrees  in 
the  transverse  direction. 


3.  Stress  Analysis 


This  program  required  performing  a  stress  analysis  using  standard 
handbook  equations  that  do  not  include  the  effects  of  dynamic  loading, 
creep,  fatigue  and/or  temperature.  For  this  static  stress  analysis. 
Equations  1  and  3  have  been  used  extensively. 

The  envelopes  of  Maximum  Shear  VR,  Twisting  Moment  Mx>  and  Bending 
Moment  Mg  obtained  from  Equation  1  are  reproduced  in  Figure  60.  The 
two  shell  buckling  parameters  used  in  this  analysis  are  obtained  from 
Equation  3  and  reproduced  in  Figures  58  and  59. 

Three  different  types  of  analyses  were  performed  as  follows: 

a.  Preliminary  Analysis  for  Tentative  Shell  Thickness 

b.  Configuration  Trade-off  Studies 

c.  Final  Stress  Analysis 

The  latter  two  analyses  are  basically  similar  except  for  the  unsupported 
effective  length  between  the  stiffeners  and/or  bulkheads. 
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a.  Preliminary  Analysis  for  Tentative  Shell  Thickness 

A  non-dimensional  analysis  has  been  performed  at  the  most  critical 
section  of  the  tftnir  to  arrive  at  a  tentative  shell  thickness  of  the 
fiber  glass  tank  as  a  starting  point  to  account  for  changes  in  the 
modulus  of  elasticity  (E),  effective  cylinder  length  (L)  using  the 
margin  of  safety  equations  (Equation  1)  below. 


M.S. 
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The  ratios  of  compressive  stress  due  to  external  pressure  (Rp),  com¬ 
pressive  stress  due  to  bending  (Rg),  shear  stress  due  to  transverse 
shear  (Rg)  and  shear  stress  due  to  torsional  shear  (Rst)  are  propor¬ 
tional  to  E,  t,  and  L  in  the  following  manner. 
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Letting  the  subscript  zero  denote 
tank,  the  non-dimensional  values 


the  properties  of  the  original  metal 
f  the  above  ratios  become 


where  Ag  ,  Ap ,  Ag  and  Ag-p  are  non-dimensional  constants  for  their 
respective  ratios  of  Equation  1  and  are  used  for  iteration  purposes 
only . 

Substituting  these  values  in  Equation  1  and  factoring  out  the  pre¬ 
dominant  elements  the  following  non-dimensional  equation  results: 
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Using  the  compression  modulus  of  elasticity  of  the  tank  material  as 
2.457  x  106  psi  in  the  above  equation,  we  will  have 


the  maximum  to  used  in  the  metal  tank  is  0.071  In.  therefore 

t  «  (5.8425)  (0.071)  -  0.415  in. 

This  thickness  which  is  equivalent  to  some  40  plies  of  tank  material 
obviously  is  intolerable  and  the  effective  length  should  be  reduced. 


One  way  of  reducing  this  effective  length  is  to  account  for  the  stiff¬ 
ness  contribution  of  the  conical  ends.  This  results  in  an  effective 
length  of  100  Inches  which  gives  the  new  thickness  of: 


t 


(0.415) 


0.331  in. 


It  should  be  noted  that  both  the  above  thicknesses  are  prior  to 
iterations  in  equation  (4),  and  can  be  reduced  by  further  iteration. 
However,  an  inspection  of  equation  (4)  will  indicate  that  these  thick¬ 
nesses  can  not  be  reduced  by  more  than  20?,  therefore  a  configuration 
better  than  the  unstiffened  shell  seems  necessary. 


38 


Configuration  Trade-off  Studies 


Since  both  the  above  thicknesses  will  result  into  excessive  weights 
fnr>  the  tank  shell,  the  effective  length  L  ohuuiu  further  be  reduced. 
n':^  best  method  of  reducing  this  effective  length  without  Jeopardizing 
shell  buckling  characteristics  is  the  use  of  bulkhead  frames.  If 
the  same  number  of  bulkhead  frames  are  used  in  the  fiberglass  tank 
as  were  used  in  the  aluminum  tank,  i.e.,  Lo  then; 

3  n? —  l  ^ 

t  =  V  ^  to  =  (1.597)  (0.071)  =  0.113  in. 


which  directly  accounts  for  the  difference  in  the  moduli  of  elasticity. 

With  the  usage  of  bulkhead  frames  the  M.S.  calculations,  specifically 
the  ratio  of  Rp,  should  be  based  on  a  short  cylinder  assumption,  hence 
the  new  ratio  of  compressive  stress  due  to  external  pressure  is  pro¬ 
portional  to  E,  t,  and  L  as  follows: 


RP  - 


=  A 


■(r) 


which,  if  substituted  in  Equation  (1)  with  the  rest  of  the  ratios  of 
equation  (3),  will  yield: 


Ap  +  Ag  + 


>(km 

(Ap  +  ab)2  +  4  _(As  +  ast)(l^)  (jp)_ 


The  solution  of  this  equation  is  also  an  Iterative  one  due  to  the 
presence  of  L  and  t  in  the  demoninator,  and  the  initial  value  of  t 
can  be  obtained  as  follows: 


L_We  \  „ 

to/  \ko/ 


I  10  x  106  (  07,\ 

2.457  x  106  \  u  1 


=*  0.143  in. 
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A  relatively  small  shell  buckling  program  has  been  prepared  on  a 
digital  desk  computer  (RECOM  II),  and.  using  the  ahove  thicknesses 
as  a  starring  point,  several  runs  have  been  made  to  arrive  at  the 
minimum  thicknesses  to  determine  the  smallest  possible  positive 
margin  of  safety.  The  results  of  the  final  runs  are  shown  in 
Table  XIX. 

The  equations  and  graphs  used  for  these  calculations  are  obtained 
from  Reference  2  and  are  as  follows: 


1.6 


whence  the  stress  ratios  become: 


Final  Stress  Analysis 


From  the  analyses  performed  in  subsections  a.  and  b,  above  and  from  the 
comparison  of  stress  ratios  and  margins  of  safety  In  Tables  XVII  and 
XVIII,  (specifically  the  data  concerning  Rp ,  (the  buckling  stress  ratio 
due  to  hydrostatic  pressure),  it  is  evident  that  the  major  contributory 
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factor  in  the  buckling  stresses  of  the  tank  shell  and  consequently 
the  bulkhead  frame  spacing  is  the  negative  tank  pressure.  It  was 
suggested  by  the  Air  i  orce  that  a  comparative  stress  and  weight 
analysis  based  on  the  following  two  loading  cases  be  conducted: 

CASE  I  CASE  II 


■■2  psi  working  pressure  -3  psi  working  pressure 

-it  psi  proof  pressure  -6  psi  proof  pressure 

-6  psi  collapse  pressure  -9  psi  collapse  pressure 

A  total  of  2it  optimization  analyses  were  performed  with  the  above 

pressure  combinations  using  factors  of  safety  of  1.25  and  1,50 
(suggested  by  Air  Force)  both  on  a  tank  with  bulkhead  frames  at  34 
inches  and  on  a  tank  without  bulkneads.  The  weight  calculations 
were  based  on  the  summation  of  computed  weights  of  frustums,  5  inches 
high,  i.e.,  at  every  5  inch  station,  using  average  thicknesses  and 
average  radii  as  shown  in  the  equations  of  Figure  63. 

The  results  of  proof  pressures  only,  i.e.,  4  psi  and  6  psi,  are  shown 
in  Table  XV.  Based  on  the  data  from  the  above  mentioned  analysis, 
the  Air  Force  and  Monsanto  Research  Corporation  representatives 
selected  the  following  configuration  for  final  analysis: 


Case  I  Loading; 


-2  psi  working  pressure 
-4  psi  proof  pressure 
-6  psi  collapse  pressure 


Factor  of  Safety; 
Bulkhead  Spacing; 
Anticipated  Tank  Weight; 


F.S.  1.(30 
34  inches 
149.25  pounds 


Young's  Modulus;  E  =  2.547  x  106  psi 

Poisson's  Ratio;  v£  =  0.l4 

A  final  stress  analysis  of  the  tank  shell  has  been  performed  using 
the  above  data,  and  the  results  are  recorded  in  Table  XIX.  Due  to 
symmetry,  only  one  half  of  the  tank  is  analyzed  and  the  values 
duplicated  for  the  other  half.  In  this  table  Column  1,  2,  and  3 
represent  the  tank  stations,  tank  radii  at  these  stations,  and  the 
thicknesses  used,  respectively.  If  the  thicknesses  in  Column  3  are 
multiplied  by  a  factor  of  100,  the  resulting  integer  indicates  the 
approximate  number  of  plies  used  at  each  station.  Column  4  is 
obtained  by  multiplication  of  Columns  2  and  3  and  the  results  are  used 
to  obtain  the  "length-range  parameter"  Zg  of  Column  5,  Using  this 
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parameter,  the  buckling  coefficient  of  hydrostatic  pressure  kp  and 
the  buckling  coefficient  for  cylinder  in  torsion  kv  nre  obtained  from 
Figures  p6  and  59  and  recorded  in  Columns  6  and  7.°  Using  the  above 
coefficients,  the  allowable  compressive  stress  due  to  hydrostatic 
pressure.  Fn  .  the  allowable  shear  stress  due  to  torsional  shear  Fgip. 
"the  allowable  shear  stress  due  to  transverse  shear  Fo„0 .  and  the  ^ 


allowable  compressive  stress  due  to  bending  Fbor  Columns  8,  9, 

10  and  11  are  obtained,  respectively.  ColumnsLx2,  13,  and  14  represent 
the  bending  moment,  the  twisting  moment  and  the  transverse  shear  load¬ 
ings  on  the  tank  structure,  respectively,  which  were  also  obtained 
from  Equation  1. 


The  actual  calculated  stresses  of  the  tank  are  shown  in  Columns  15, 

1 6,  17,  and  18  which  represent  the  stresses  due  to  hydrostatic 
pressure,  twisting  moment,  transverse  shear  and  bending  moment, 
respectively.  The  ratios  of  these  actual  stresses  to  allowable 
stresses  is  represented  by  symbol  R  (R  being  the  ratio  of  f_  to  Fpfm> 
etc.)  which  are  recorded  in  Columns  21pthrough  22.  Using  arr 
orthogonal  combination  of  these  ratios,  i.e.,  the  same  equation  that 
has  been  used  for  the  design  of  the  metal  tank,  the  margins  of  safety 
for  each  station  has  been  obtained  as  shown  in  Column  23. 


The  numerical  calculations  of  all  the  above  analyses  are  tabulated 
in  Tables  XVI,  XVII,  XVIII  and  XIX,  and  the  description  of  Columns 
1  through  23  for  the  later  table  in  paragraph  above  is  applicable 
to  all  four  tables. 


Flat  Pattern  Gore  Development 


Unlike  the  metal  tank,  the  plastic  tank  makes  it  possible  and  ad¬ 
vantageous  to  have  variable  thicknesses  throughout  the  length  of 
the  tank.  The  metal  tank  was  designed  for  two  levels  of  maximum 
loads,  one  for  the  cylindrical  and  the  other  for  the  conical  sections; 
hence  two  uniform  thicknesses  of  sheet  metal  were  used  for  the  con¬ 
struction  of  the  tank  shell.  This  uniformity  of  thickness  in  sheet 
metal  cannot  be  avoided.  However,  through  an  optimization  technique 
in  the  design  of  laminated  fiberglass  structure,  it  is  possible  to 
drop  off  laminates  to  conform  with  stress  diagrams  and  still  satisfy 
the  load  carrying  requirements. 

As  can  be  seen  from  the  final  stress  analysis  (Column  3  of  Table  XIX), 
the  shell  thicknesses  have  been  dropped  off  at  various  stations  from 
a  starting  thickness  of  14  plies  at  the  cylindrical  center  of  the  tank. 
The  tank  shell,  therefore,  consists  of  several  concentric  and  conical 
frustums,  which  if  developed,  form  the  flat  pattern  gores  shown  In 
Figure  64 .  Another  advantage  of  having  precuu  and  preformed  gores 
is  the  fact  that  no  wrinkling  of  material  takes  place  in  the  lay-up 
due  to  reduction  of  radii  in  the  conical  ends  of  the  tank. 


A  small  digital  computer  program  was  prepared  to  generate  the 
tlon  needed  for  detailing  and  drawing  the  gores.  In  order  to 
bulging  in  the  thicknesses  throughout  the  length  of  the  tank, 
overlaps  have  been  distributed  as  evenly  as  possible,  in  uhe 
portions  of  the  tank,  the  width  of  the  gores  has  been  limited 
about  15  Inches  or  under  to  eliminate  the  effect  of  excessive 
in  the  lay-up  process. 
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The  overlaps  in  the  longitudinal  direction  have  been  influenced  by 
two  factors:  1)  no  two  overlaps  should  occur  at  any  one  station 
and  2)  each  overlap  should  be  imbedded  between  two  solid  laminae. 

The  overlaps  in  the  circumferential  direction  are  controlled  only  by 
a  minimum  space  of  2-3/8  inches  in  the  cylindrical  section  and  a 
minimum  space  of  1-11/16  inches  in  the  conical  sections  of  the  tank. 
By  following  an  almost  symmetrical  pattern  of  the  longitudinal  over¬ 
laps,  it  was  possible  to  create  several  symmetrical  and  identical 
gores  and  reduce  the  number  of  the  templates  required  to  produce 
all  the  gores.  These  parts  are  identified  with  connected  arrow 
lines  in  Figure  92. 
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TOOLING 


1.  Discussion 

The  use  cf  Northrop  Corporation’s  F-5  metal  wing  tank  as  lay-up 
male  mandrel  and  the  possibility  of  adding  one  or  two  other  tools 
was  contemplated.  However,  as  the  design  concepts,  exploratory 
testings,  and  the  final  design  configuration  evolved  through 
numerous  trade-off  studies  and  other  design  considerations,  the 
tooling  concepts  and  tool  design  parameters  also  went  through  a 
similar  evolution,  discarding  all  the  previously  conceived  ideas 
and  resulting  in  the  generation  of  the  present  complex  tooling. 

As  the  entire  project  was  aimed  at  exploratory  development  to 
determine  the  feasibility  of  an  expandable  rigidizable  external 
aircraft  fuel  tank,  the  tooling  design  and  the  processes  for 
fabrication  to  accomplish  this  task  were  also,  to  some  degree, 
exploratory.  Some  of  the  experimental  studies  for  gaining  better 
insight  into  the  materials  from  which  most  of  the  tooling  was 
manufactured  are  discussed  in  preceding  subsections.  Also,  some 
of  the  processes,  adopted  for  the  first  time  in  the  industry  for 
a  program  of  this  magnitude,  will  be  described  in  the  following 
subsections . 

The  entire  tooling  concept,  tool  design  and  fabrication  were  based 
on  the  fact  that  only  two  prototype  tanks  were  required.  All 
tooling,  therefore,  was  "soft"  or  non-productive  type.  Also, 
at  the  very  early  stages  of  this  program,  it  was  ascertained 
that  the  only  tools  to  be  delivered  to  the  Air  Force  consisted 
of  the  final  female  curing  tool,  hence  only  this  tool  was  built 
to  stand  shipping.  The  remainder  of  the  tools  and,  in  some 
cases,  their  supports  were  constructed  without  consideration 
of  any  shipping  and/or  longevity. 

In  addition  to  the  exploratory  tests  of  tooling  materials,  the 
tool  design,  and  the  fabrication  processes,  a  certain  amount 
of  research  and  engineering  work  was  necessary  to  develop  the 
particular  dual  purpose  bladder  bag,  needed  for  both  application 
of  positive  pressure  and  its  use  as  a  male  mandrel. 


2.  Tool  Design  Considerations 

For  the  fabrication  of  the  collapsible  tank  with  all  its  appur- 
tanances  and  the  test  specimens  discussed  earlier  in  this  report, 
three  types  of  tools  were  developed  as  follows: 

a.  Exploratory  Test  Specimen  Tooling 

b.  Final  Full  Scale  Tank  Tooling 

c.  Peripheral  Component  Tooling 


Each  one  of  the  above  three  tooling  categories  consists  of  several 
different  types  and  sizes  of  tools  which  are  the  result  of  numerous 
trade-off  studies  in  tooling  concepts  and  tooling  design  considera¬ 
tions.  Figures  25,  28,  and  66  through  75  inclusive  represent  the 
design  drawings  and  details  pertaining  to  all  the  above  tools  and 
should  be  referred  to  as  deemed  necessary. 


a.  Exploratory  Test  Specimen  Tooling 

In  fabrication  of  test  specimens  for  the  exploratory  test  phase  of 
this  program  three  types  of  tools  were  designed  and  made: 

(1)  Cylindrical  Test  Specimen  Tool 

(2)  Conical  Test  Specimen  Tool 

(3)  Bolting  Ring  and  Pan  Lay-up  Tools 

Both  the  cylindrical  and  the  conical  test  specimen  tools  were  in¬ 
ternally  pressurized  female  tools,  employing  vacuum-bag  technique 
and  autoclave  pressure  curing.  The  bolting  ring  and  pan  lay-up 
tools  were  lathe  turned  wooden  tools. 


Cy llndrlcal  Test  Specimen  Tool 


The  cylindrical  test  specimen  tool  consisted  of  two  aluminum  cylin¬ 
drical  half  shells  with  22-inch  diameter  and  36-inch  length.  The 
cylindrical  half  shells  were  stiffened  by  two  semicircular  angle 
stiffeners  one  at  each  end.  These  shells  were  attached  to  each 
other  by  means  of  quick  release  bolts  through  additional  flanges 
on  both  sides  of  the  longitudinal  edges. 


The  cooling  process  for  the  zone  curing  was  accomplished  by  means 
of  a  water  cooled  chamber  on  the  outside  of  one  of  the  shells  and 
water  cooled  colls  on  the  inside  of  the  test  specimen.  To  main¬ 
tain  the  same  uniformity  of  heat  dissipation  on  the  inside  of  the 
test  specimen  as  on  the  outside  of  the  tool,  a  metallic  cooling 
Jacket  or  caul  sheet  was  placed  between  the  cooling  coils  and  the 
cylindrical  test,  specimen.  The  cooling  coils  and  caul  sheet  can 
be  seen  partially  in  Figure  31  and  full  details  are  shown  in 
Figure  25. 


Conical  Test  Specimen  Tool 


For  the  fabrication  of  the  conical  test  specimen  two  conical  tools 
were  constructed.  Both  tools  were  similar  in  design,  but  different 
in  materials  of  construction. 


Thv_  first  conical  tool  was  manufactured  from  "Aluminum  powder 
filled  epoxy  resin"  composite.  However,  after  the  manufacture 
and  cure  of  the  conical  test  specimen,  hnit-ing  ring  and  pan,  the 
conical  test  specimen  was  crushed  in  the  cooling  cycle  due  to 
the  difference  in  the  coefficients  of  thermal  expansion  of  the 
two  materials.  Subsequently,  another  conical  tool  was  manufactured 
from  impregnated  tank  material,  which  eliminated  the  thermal  ex¬ 
pansion  problem  as  shown  in  Figure  28. 

Since  the  B-staging,  zone  curing  and  final  curing  cycles  in  cylin¬ 
drical  and  conical  test  specimens  and  tools  were  similar,  an 
attempt  to  evaluate  the  cooling  of  collapsible  portion  in  the  zone 
curing  process  of  the  conical  tool  were  made.  Hence,  instead  of 
cooling  the  specimen  both  from  outside  and  inside  (as  in  the  case 
of  the  cylindrical  test  specimen)  only  inside  cooling  colls  were 
used.  Also,  for  heat  dissipation  into  the  cooling  coils  aluminum 
foil,  instead  of  caul  sheet,  was  wrapped  around  the  coil3  and 
shaped  to  fit  the  conical  specimen,  as  shown  in  Figures  4l  and  43. 
From  the  results  obtained  by  this  method  and  described  in  the  pre¬ 
ceding  subsections,  it  was  learned  that  cooling  both  sides  of  the 
test  specimen  is  excessive  and  unnecessary.  A  minimal  cooling  on 
either  side  gives  satisfactory  results.  This  finding  is  incorporated 
in  the  design  of  the  final  female  curing  tool. 


(3)  Bolting  Ring  and  fan 

Two  pieces  of  lathe-turned  wooden  tools  were  prepared  for  use  as 
male  mandrels  for  the  lay-up  and  fabrication  of  the  bolting  ring 
and  pan,  respectively.  The  shape  and  dimensions  of  these  mandrels 
were  in  accordance  with  the  drawing  in  Figure  28.  The  tools  are 
shown  in  Figure  67  and  74.  Only  one  set  of  these  tools  was  made 
for  this  exploratory  test  phase,  i.e.  the  tools  required  for  the 
fabrication  of  aft  end  bolting  ring  and  pan.  The  forward  end 
bolting  ring  and  pan  tools,  being  similar  to  the  above  except  for 
size,  are  manufactured  only  for  the  full  scale  tank  fabrication. 


b.  Final  Full  Scale  Tank  Tooling 

The  tooling  design  for  the  production  of  the  full  scale  tank  has 
evolved  around  two  main  concepts:  1)  a  removable  male  mandrel  for 
the  lay-up  of  the  tank  and  2)  a  pressurized  female  tool  for  the 
final  curing  and  rigidization.  To  materialize  these  ideas  a 
conceptual  tooling  breakdown  with  step-by-step  operations  and  a 
parts  flow  diagram,  as  shown  in  Figures  65  and  74,  respectively, 
were  generated.  To  summarize,  a  silicone  bladder  bag  was  developed 
to  conform  to  the  internal  dimensions  of  the  tank.  The  bag  was 
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inserted  into  a  male  mandrel  forming  tool,  a  tower,  and  filled 
with  ceramic  granules,  under  vibration  and  low  pressure.  Immedi¬ 
ately  after  the  filling  operation,  the  bag  and  granules  now  con¬ 
stituting  the  male  mandrel,  were  removed  from  the  tower  under 
vacuum.  After  the  lay-up  of  the  tank  material,  both  the  mandrel 
and  the  raw  tank  were  placed  inside  of  a  final  female  curing  tool. 
B-staffinc.  ttrinp- rnir>-i  ncr  anH  eventual  rigidizaticr.  of  the  tank  were 
accomplished  under  specified  pressures  and  temperatures. 

To  accomplish  the  operations  above  and  fabricate  the  main  body  of 
the  tank,  five  major  tools  were  required: 

(1)  Two  Plaster  Male  Mandrels 

(2)  Silicone  Bladder  Bag 

(3)  Male  Mandrel  Forming  Tower 
(4j  Male  Mandrel  For  Tank  Lay-up 
(5)  Final  Female  Curing  Tool 

Smaller  peripheral  tools  were  also  needed  to  produce  detail  parts, 
such  as  saddle-door,  bulkheads,  etc.,  some  of  which  were  the  by¬ 
products  of  the  above  mentioned  major  tools. 


(1)  Two  Plaster  Male  Mandrels 

Two  full  length,  round,  plaster  male  mandrels  were  constructed 
to  conform  to  the  dimensional  levels  of  control.  The  first  plaster 
male  mandrel  was  controlled  to  the  interior  dimensions  or  mold  lines 
of  the  tank  minus  certain  thicknesses.  The  second  mandrel  was  con¬ 
trolled  to  the  exterior  mold  lines  of  the  final  tank.  Both  mandrels 
were  similar  in  construction,  in  that  a  wire  mesh  roll  was  fastened 
to  steel  supporting  rings  which,  in  turn,  were  welded  to  a  square 
steel  pipe  shaft  as  the  central  supporting  structure.  Both  ends 
of  the  steel  shaft  were  supported  by  trunnion  bearings,  and  the 
entire  substructure  was  turned  by  a  chain  driven  electrical  motor. 

The  supporting  structure  was  spllned  with  a  subcoat  and  several 
finish  coats  of  plaster1  as  it  was  turned.  A  full  length  aluminum 
template  was  used  to  establish  the  mandrel  mold  lines.  Both  ends 
of  each  mandrel  were  fitted  with  turned  wooden  fittings  to  allow 
for  bolting  ring  and  pari  connection  steppings.  The  center  saddle 
door  depression  was  spllned  with  plaster  to  obtain  the  proper 
surface  for  each  mandrel.  The  plaster  male  mandrel,  which  was 
controlled  to  the  inside  dimensions  of  the  tank,  also  had  allow¬ 
ances  for  tank  material  thicknesses,  bladder  Dag  thickness,  and 
the  vacuum  compaction  of  both  tank  material  and  male  mandrel 
granules.  This  mandrel  was  needed  to  construct  the  Male  Tool 
Forming  Tower  described  on  the  following  page.  The  design  and  de¬ 
tails  for  both  of  the  above  mandrels  are  shown  in  Figures  66  and 
74,  respectively. 
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Since  90%  of  the  tools  for  this  program,  including  the  bladder 
bag,  were  generated  from  the  initial  male  plaster  mandrel,  it 
was  necessary  to  establish  more  accurate  master  lines.  The  basic 
dimensions  of  the  tank,  radius,  and  slope  for  every  five  inches 
of  tank  obtained  from  Equation  1  were  used  as  input  to  a  conic 
generator  program  using  interpolation  techniques,  to  obtain  the 
data  for  every  inch  of  cne  tank  station.  The  program  was  specifi¬ 
cally  developed  for  Recomp  II  electronic  digital  computer,  and 
the  results  are  shown  in  Table  XX, 


(2)  Silicone  Bladder  Bag 

The  involved  process  of  using  the  bladder  bag  as  the  molder  of  the 
male  mandrel  prior  to  tank  lay-up  and  its  use  as  a  pressure  appli¬ 
cation  device  during  the  different  phases  of  curing  after  the  com¬ 
pletion  of  the  lay-up,  necessitated  certain  developmental  work  to 
assure  the  success  of  all  the  above  mentioned  operations. 

Due  to  the  fact  that  the  male  mandrel  was  constantly  under  vacuum 
during  the  lay-up,  it  was  mandatory  for  the  material  from  which 
the  bladder  bag  would  be  manufactured  and  the  bag  seams,  etc.  to 
be  devoid  of  any  pores.  After  several  unsuccessful  tries  with 
overlapped  vacuum  bagging  materials,  bonded  Joints  and  other 
methods,  it  was  decided  to  mold  the  bladder  bag.  Several  combina¬ 
tions  of  RTV  silicone  molding  compound  were  used  and  the  best  re¬ 
sults  were  obtained  from  the  following: 

93-072  RTV  Silicone  Molding  Compound  72.7% 

93-076-2  RTV  Silicone  Molding  Compound  18.2* 

92—072  Hardener  (catalyst)  9.1% 

The  above  mixture  was  splined  over  the  plaster  male  mandrel  (con¬ 
trolled  to  the  inside  dimension  of  the  tank)  minus  1/8  of  an  Inch 
for  the  bladder  bag  thickness.  With  the  aid  of  a  metal  template 
and  the  turning  mandrel,  the  raw  bladder  bag  was  formed.  Both  ends 
of  the  bag  were  reinforced  by  imbedding  glass  cloth  in  the  molding 
compound.  The  entire  assembly  was  put  into  an  oven,  and  the  turn¬ 
ing  of  the  mandrel  continued  throughout  the  duration  of  bag  curing, 
i.e.,  170°F  for  three  hours. 


(3)  Male  Mandrel  Forming  Tower 

The  Male  Mandrel  Forming  Tower  shown  in  Figures  67  and  76  was 
constructed  using  room  temperature  cured  Furane-2V  resin  and  chopped 
fiber  spray-up  system.  The  mandrel  described  in  the  above  paragraph 
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was  coated  with  Resolin  ill  Surface  Coat  and  used  as  a  basis  for 
the  spray-up  construction  of  the  tower.  Steel  reinforcement  was 
used  on  the  outer  stiffeners  to  stshl  i  itrp  the  tower  on  the  vibrat¬ 
ing  platform. 

The  silicone  bladder  bag  v;as  mounted  un  a  steel  center  post  Inserted 
inside  the  tower  tool  and  inflated  with  5  psi  pressure  to  adhere  to 
the  Inside  surface.  The  tool  was  used  in  a  vertical  position  on  top 
of  a  vibrating  platform  to  allow  the  "SCR-Veri-Llte"  ceramic  granules 
to  be  introduced  and  compacted  in  the  bladder  bag.  For  easy  removal 
of  the  piaster  male  mandrel  and  the  tank  lay-up  male  mandrel,  the 
tower  tool  was  constructed  from  two  longitudinal  half-shells.  A 
make-shift  sealed  hopper  was  used  to  contain  the  granules  prior  to 
filling  the  bladder  bag. 


(4)  Male  Mandrel  for  Tank  Lay-Up 

After  the  silicone  bladder  bag  was  systematically  filled  and  compacted 
with  the  "Veri-Lite"  granules,  the  5  psi  pressure  was  removed  and 
vacuum  was  applied  to  the  center  post  and  bag  assembly.  The  air 
was  drawn  from  small  orifices  in  the  central  shaft  thus  forming  a 
free  body  solid  male  mandrel  to  be  used  for  the  tank  lay-up. 

This  male  mandrel  was  positioned  horizontally  on  a  supporting  dolly 
fabricated  specifically  for  this  purpose  to  facilitate  the  lay-up 
of  the  tank  material  circumferential  gores.  An  indexing  plate  was 
used  on  the  trunnion  shaft  to  establish  the  tank  centerline.  The 
silicone  bag  male  mandrel  is  shown  in  Figure  77- 

The  details  of  the  different  operations  required  for  assembling  the 
bladder  bag  over  the  central  shaft,  bag  and  shaft  insertion  into 
mandrel  forming  tower,  filling  of  the  bag  with  granules,  reversing 
the  pressure  from  positive  5  psi  to  vacuum,  and  finally  removing 
the  male  mandrel  from  the  tower  ana  positioning  it  for  lay-up  are 
compiled  as  "Sequence  of  Operations  for  the  Mandrel  Forming  Tower" 
and  are  included  as  Appendix  VI. 


(5)  Final  Female  Curing  Tool 

The  final  female  curing  tool  was, by  far,  the  most  complex  tool  fabri¬ 
cated  for  this  project.  The  complexity  of  this  tool  stemmed  from 
the  fact  that,  in  addition  to  final  curing  and  rigidization  of  the 
main  body  of  the  tank,  it  also  was  used  for  the  B-staging  of  the 
collapsible  portion  of  the  tank  and  zone  curing  of  the  hardback  land 
area , 
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The  final  female  curing  tool  was  constructed  in  two  half-shells  from 
high  temperature  glass  fabric  laminated  structure.  The  plaster  male 
mandrel  representing  the  exterior  mold  lines  of  the  tank  was  used  for 
the  lay-up  of  tne  above  material  to  a  thickness  of  1/2-inch.  In  the 
top  half-shell  allowances  were  made  for  the  saddle-door  and  hardback 
land  area. 

Seven  bulkheads,  fabricated  from  the  same  material,  were  used  to 
stiffen  each  half-shell.  These  bulkheads  in  turn  were  attached  to 
rectangular  frames  on  rollers.  The  frames  were  constructed  from  six 
inch  steel  square  tubing  and  provisions  were  made  with  welded  angles 
to  tie  both  halves  of  the  final  female  curing  tool  with  steel 
bolted  rods  passing  through  these  angles.  The  top  half  of  this  tool 
with  saddle-door  Impression  is  shown  in  Figure  78,  and  the  bottom 
half  in  Figure  79.  The  design  drawing  and  pertinent  details  are 
shown  in  Figure  68 . 

This  complicated  tool  was  designed  with  the  dual  concept  of  its 
use  inside  and  outside  of  the  oven  and/or  autoclave.  The  zone 
curing  or  partial  curing  of  the  hardback  land  area  which  was  per¬ 
formed  outside  of  the  oven,  was  accomplished  by  means  of  electri¬ 
cal  elements  imbedded  in  both  half  shells  of  the  tool.  The  loca¬ 
tion  of  these  electrical  elements  were  predetermined  and  water 
cooling  colls  were  placed  Immediately  adjacent  to  them  to  prevent 
the  heat  transfer  beyond  the  hardback  land  area.  The  water  cool¬ 
ing  colls  were  manufactured  from  square  copper  tubing  to  create 
more  contact  area  with  the  tool,  thus  attaining  better  control  of 
heat  dissipation. 

The  B-staglng  and  the  final  cure  were  performed  inside  an  autoclave. 
For  this  reason,  the  entire  tool  was  equipped  with  thirty  thermo¬ 
couples,  positioned  in  various  portions  of  the  tank  and  tool  for 
monitoring  the  several  different  stages  of  heating  Involved  in  all 
the  above  operations. 

The  numerous  steps  required  for  the  proper  operation  and  function¬ 
ing  of  the  final  female  curing  tool,  through  the  stages  of  zone 
curing,  B-staging  and  final  rigidizatlon  are  discussed  in  the 
"Sequence  of  Operation  for  Final  Cure"  which  is  included  as 
Appendix  VII. 

c.  Peripheral  Component  Tools 

In  addition  to  the  above  major  tools  used  to  manufacture  the  main 
body  of  the  tank,  several  smaller  tools  were  required  to  fabricate 
the  attached  components.  These  peripheral  component  tools  or  minor 
dies  are: 

(1)  Saddle-Door  Hardback  Lay-Up  Die 

(2)  Hardback  Land  Area  Lay-Up  Die 

(3)  Bulkhead  Clip  Lay-Up  Die 
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( )  Bulkhead  Bonding  Jig 

(5)  Bulkhead  Installation  Tool 

(6)  Bolting  Ring  and  Pan  Tools 

All  of  the  above  dies  were  simple  tools  and  each  one  served  only 
one  function.  Rather  than  categorizing  a  separate  description 
for  each  one,  a  generalized  description  follows. 

The  saddle-door  hardback  lay-up  die  was  used  to  fabricate  the  re¬ 
movable  hardback  and  was  constructed  from  the  same  material  and 
thickness  as  the  final  female  curing  tool.  Its  basic  configuration 
is  considered  a  male  tool  controlling  the  stepped-side  or  inside 
mold  lines  of  the  removable  hardback.  This  tool  was  molded  from 
a  female  plaster  splash  taken  from  the  internal  male  plaster  mandrel 
of  Figure  66.  To  the  above  male  tool  a  spanner  frame  of  exposy  resin 
and  glass  fabric  was  attached  in  tube  form,  by  bonding.  A  female 
caul  plate,  approximately  1/16-inch  thick  was  used  to  smooth  the 
external  mold  line  of  the  door  in  the  process  of  curing.  This 
tool  is  shown  in  Figure  8l. 

The  hardback  land  area  lay-up  die  was  used  to  manufacture  the  pre¬ 
cured  ring  receiving  the  saddle-door.  The  construction  of  this  tool 
was  very  similar  to  the  saddle-door  tool  in  material  and  dimensions, 
with  allowances  made  for  seven  plies  of  tank  material  on  the  inside 
surface.  The  original  spanner  frame  was  aluminum.  Due  to  the  dif¬ 
ferences  between  the  thermal  expansions  of  aluminum  and  epoxy  resin 
glass  fabric  laminate,  the  spanner  frame  was  refabricated  from  the 
latter  material  and  attached  to  the  male  tool  by  bonding. 

The  bulkhead  clip  lay-up  die,  the  bulkhead  bonding  jib,  and  the 
bulkhead  installation  tools  were  machined  from  aluminum.  Their 
dimensioning  was  based  on  the  same  models  used  in  the  production 
of  the  major  tools.  This  method  of  dimensioning  was  used  to  achieve 
perfect  fit  between  the  bulkhead  components  and  the  main  body  of 
the  tank.  Figures  71,  72  and  73  show  the  details  and  the  drawing 
of  the  above  components. 

Two  sets  of  bolting  ring  and  pan  tools  were  fabricated  from  lathe 
turned  wood.  These  tools,  having  the  configuration  of  male  mandrels, 
were  used  to  produce  components  for  the  attachment  of  nose  cone 
and  tail  cone  of  the  tank.  Both  sets  of  tools  were  similar  in 
shape  and  concept,  and  were  different  only  in  dimensions.  All  the 
above  lathe  turned  wooden  tools  were  made  to  match  the  dimensions 
of  the  detailed  drawing  on  Figure  55.  The  wooden  tools  for  the  aft 
bolting  ring  and  pan  are  shown  in  Figure  80. 
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1,  Discussion 

The  fabrication  pna.se  of  tills  contract  began  with  the  finalization 
of  full  scale  tank  design  and  analysis,  the  completion  of  all  tooling, 
and  the  subsequent  approval  of  all  the  concepts  and  considerations 
by  the  Air  Force  and  Monsanto  Research  Corporation  representatives. 

The  manufacture  of  tne  tank  test  specimens  and  other  peripheral  test 
components  with  the  results  of  their  tests  are  discussed  in  the 
Exploratory  Test  Phase  -  Subsection  D.  In  this  subsection,  only 
the  fabrication  of  two  complete  prototype  tanks  with  all  their 
components  will  be  described, 

This  program  required  the  fabrication  of  two  expandable  and  rlgidiz- 
ab.le  prototype  tanks  with  the  following  difference:  one  tank  would 
go  through  all  the  different  cycles  of  curing  and  be  completely 
rigidized,  cured  and  assembled,  but  the  second  tank  would  be  zone 
cured,  B-staged,  and  collapsed  only. 

Both  tanks  would  have  finished  components  such  as  saddle-door  hard¬ 
backs,  bulkheads,  bolting  rings  and  pans.  The  saddle-door  hardbacks 
would  be  assembled  to  both  tanks  prior  to  shipping.  However,  the 
bulkhead,  bolting  ring  and  pans  would  be  assembled  only  to  the  final 
cured  tank.  The  parts  flow  diagram  in  Figure  91  fully  describes  the 
various  phases  cf  manufacture  of  the  two  tanks  and  indicates  the 
chronology  and  the  state  of  deliverable  items. 

The  tank  material  was  preimpregnated  by  Monsanto  Research  Corporation 
and  the  pertinent  Material  Specification  and  Process  Specifications 
were  supplied  to  North  American  Rockwell  Corproation  and  are  included 
in  this  report  as  Appendices  III  and  IV,  respectively.  These  speci¬ 
fications  were  the  bare  minimum  requirements  for  processing,  and  as 
the  tank  design  and  tooling  developed,  a  new,  all  inclusive  manu¬ 
facturing  process  specification  also  was  prepared.  This  process 
specification  is  included  in  this  report  as  Appendix  V. 


2. _ Manufacture  of  Components 

a, _  Saddle-Door  Hardback 


The  first  of  a  total  of  three  saddle-door  hardbacks  was  fabricated 
using  tank  material  in  accordance  with  the  details  and  dimension  of 
the  drawing  in  Figure  50.  Vacuum  bag  compaction  was  applied  after 
each  four  ply  lay-up,  starting  with  the  bottom  skin  and  building 
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up  the  thicknesses  as  required.  The  lay-up,  use  of  adhesives,  bonding 
of  flexicure  and  the  final  cure  were  performed  in  accordance  with  the 
above  mentioned  process  specifications.  Figure  85  shows  the  hardback 
tool  partially  laid-up  with  the  bottom  skin. 

It  was  observed  that  the  final  cured  part  had  excessive  delaminations 
and  the  solid  core  areas  had  developed  marked  corrugations  around 
the  edges.  Due  to  these  undesirable  features  and  the  fact  that  the 
choice  of  material  for  the  fabrication  of  the  hardback  was  optional, 
it  was  decided  to  change  the  material  to  181  E-glass,  Epoxy  Resin 
system , 

Two  additional  saddle-door  hardbacks  were  fabricated  (one  for  each 
prototype  tank)  from  epoxy-resin  impregnated  181  E-glass  fabric. 

The  results  were  satisfactory  and  these  hardbacks  were  used  on  the 
final  tanks  as  shown  in  Figures  90  and  98.  A  metal  template  was 
used  to  orient  the  bolt  locations.  The  bolt  holes  were  drilled  through 
the  saddle-door  hardback  and  the  hardback  land  area  simultaneously. 

b .  Main  Body  of  the  Tank 

In  the  design  of  the  full  scale  tank  (subsection  D  above)  the  tank 
material  gores  were  developed  into  flat  patterns  as  shown  in  Figure  61!. 
Since  the  maximum  height  of  the  frustum  was  limited  to  15  inches, 
it  was  necessary  to  establish  overlap  locations  and  scatter  them 
uniformily  in  order  to  avoid  unwarranted  build-up  of  thicknesses  In 
the  tank  shell.  This  scattering  of  overlap  locations  was  performed 
both  in  the  longitudinal  and  transverse  directions  of  the  tank.  In 
the  drawing  on  Figure  92,  all  the  gore  part  numbers  with  their 
respective  overlap  stations  are  called  out.  A  sheet  metal  template 
was  fabricated  to  conform  with  the  stations  shown  in  the  above 
mentioned  drawing  and  used  for  orienting  the  gores  in  the  process 
of  lay-up. 

The  full  size  drawings  of  Figure  Gl  1  were  used  to  prepare  metal  tem¬ 
plates  which  in  turn  were  used  to  precut  two  sets  of  the  tank  mate¬ 
rial  for  the  lay-up  of  the  two  tanks. 

(1)  Fabrication  of  Tank  Body  1 

Prior  to  lay-up  of  Mie  tank  the  solid  core  of  the  hardback  land  area 
was  laid-up  on  a  separate  tool  as  shown  in  Figure  82.  This  part  was 
precured  before  assembly,  then  imbedded  in  the  .lay-up  of  the  tank. 

This  was  accomplished  by  allowing  one  half  of  the  total  number  of 
plies  to  go  under  and  the  other  half  to  go  over  the  precured  part. 

The  tank  gores  were  laid-up  on  the  horizontal  male  mandrel  while  it 
was  under  vacuum,  and  the  wet  laminate  was  compacted  by  vacuum  bagging 
after  each  four  pj.y  lay-up.  Some  difficulty  was  encountered  in  the 
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f  ‘.he  *  ra:  ‘.-rial  tc  It.'.el  f  ar-J  to  the  silicone  bag  of 
the  male  randre.,  in  the  process  cf  lay-up.  In  these  cases,  the 
gores  vere  held  in  place  temporarily  by  means  nr  adhesive  tapes. 

Aisa,  due  to  thermal  expansion,  there  was  a  marked  dimensional  mis¬ 
match  between  the  precured  solid  core  of  the  hardback  land  area  and 
the  allowed  depression  cf  the  male  mandrel  for  this  component.  The 
final  stage  of  the  compaction  by  vacuum  bagging  and  some  of  the 
adhesive  tapes  are  shown  in  Figure  83. 

Both  halves  of  the  final  female  curing  tool  were  treated  with  the 
parting  agent  (recommended  by  Monsanto  Research  Corporation)  prior 
to  placing  the  wet  lay-up  in  them.  The  Tank  No.  1  lay-up  assembly 
together  with  the  male  mandrel,  while  the  latter  was  still  under 
vacuum,  were  placed  into  the  half-shell  of  the  final  female  curing 
tool  as  shown  in  Figure  84,  and  then  covered  with  the  other  half. 

The  zone  curing  and  B-staglng  of  this  tank  was  accomplished  in 
accordance  with  the  Process  Specifications  and  Sequence  of  Operations 
set  forth  in  Appendices  V  and  VI,  respectively.  A  great  deal  of 
difficulty  was  encountered  in  releasing  the  B-staged  tank  from  the 
female  tool.  A  new  parting  agent  was  then  developed  and  tested  as 
discussed  in  Exploratory  Test  Phase  -  Subsection  D,  (pages  21  and  22). 
Figure  86  shows  this  zone  cured  and  B-staged  tank,  after  the  removal 
of  the  male  mandrel  and  bladder  bag  from  its  inside. 

The  collapsing  of  this  tank  was  accomplished  as  follows.  First,  a 
central  fold  was  introduced  from  the  bottom  of  the  tank  toward  the 
saddle-door  area,  as  shown  in  Figure  87.  Then  the  forward  and  the 
aft  ends  were  folded  into  the  central  portion  of  the  tank  thus  com¬ 
pleting  the  collapsing  phase  of  the  tank.  The  top  and  bottom  views 
of  the  collapsed  tank  are  shown  in  Figures  85  and  88.  respectively, 
and  the  completed  collapsed  tank  with  assembled  hardback  appears  in 
Figure  90. 

(2)  Fabrication  of  Tank  2 

Experience  gained  in  the  manufacture  of  the  first  tank  was  applied 
to  the  fabrication  of  the  second  tank,  where  applicable.  At  the 
outset,  the  interior  of  the  two  half-shells  of  the  male  mandrel 
forming  tower,  were  built-up  to  a  thickness  of  0.020  in,  with  two 
layers  of  l8l  E-glass  fabric.  The  purpose  of  this  reduction  (0.040 
in.  in  the  diameter)  of  the  male  mandrel  and,  consequently,  the  tank 
shell  was  for  easy  removal  of  the  part  from  the  final  female  curing 
tool . 

Secondly,  the  solid  core  of  the  saddle-door  land  area  was  not  precured 
for  this  tank,  as  it  was  done  for  Tank  1.  Instead  it  was  laid-up, 
vacuum  bag  compacted  and  B-staged  only.  This  B-staged  solid  core  was 
imbedded  in  the  shell  skin  during  the  tank  lay-up  process. 
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All  the  step?  _T  *  :.e  :  ?.l  rioa’  ’  :f  Tank  .?  ,  up  t  o  ‘he  collapsing 
point.,  were  sir, liar  *  mat  of  Tank  1,  except  as  noted  above.  The 
use  of  the  newly  developed  parting  agent  greatly  facilitated  the 
b-stagect  part  removal  from  the  final  female  curing  tool. 


After  the  onl lapsing  operation  the  Tank  was  unfolded  and  expanded 
by  introducing  a  small  amount  of  pressure  in  the  bladder  bag.  The 
B-staged,  expanded  tank  shell  and  bladder  bag  were  placed  inside  the 
final  female  curing  tool  for  the  second  time.  Both  halves  of  this 
tool  were  treated  again  with  the  new  parting  agent  prior  to  placing 
the  tank  in  them. 


The  entire  assembly  was  put  Into  an  autoclave,  and  after  connecting 
the  thermocouples  and  water  conduits  the  tank  was  cured  in  accordance 
with  Process  Specifications  in  Appendix  V. 

c.  Bulkheads  and  Slosh  Baffles 


In  addition  to  shell  stiffeners,  the  bulkheads  also  served  as  anti¬ 
slosh  devices,  to  prevent  the  unwarranted  center-of-gravity  shifting 
from  fuel  sloshing.  The  bulkheads  were  sandwich  panels  fabricated 
from  epoxy  resin  impregnated  1 8 1  E-glass  fabric  and  aluminum  core. 

For  the  manufacture  of  each  set  of  two  bulkheads,  one  large  integral 
panel,  approximately  3  ft  x  6  ft  was  laid-up  and  cured.  The  exact 
shape  of  the  bulkheads  then  routed  on  this  panel  to  conform  to  the 
dimension  of  the  drawing  in  Figure  51.  The  slosh  baffles  consist  of 
two  unimpregnated  and  uncured  layers  of  181  E-glass  fabric  Imbedded 
in  the  edges  in  four  precured  circular  laminates.  This  assembly 
was  bolt  connected  to  the  stiffening  bulkhead.  Two  circular  holes 
were  precut  in  the  bottom  part  of  the  bulkhead  to  minimize  the  effect 
of  the  hydrostatic  fuel  head  build-up  on  either  side  of  the  slosh 
baffle.  One  of  the  four  cured  bulkheads,  with  slosh  baffle  and 
attachment  clips  is  shown  in  Figure  95 

d.  End  Attachments 

Two  sets  of  two  bolting  rings  and  pans  were  manufactured  in  this 
program,  one  set  for  each  tank..  Since  the  choice  of  material  for 
these  components  was  optional  also,  based  on  the  experience  gained 
in  the  manufacture  of  test  bolting  ring  and  pan  specimens  from  the 
tank  material,  it  was  decided  to  fabricate  these  components  from 
epoxy  resin  Impregnated  1 8 1  E-glass  fabric 

To  conform  with  the  shell  thicknesses  obtained  from  the  stress  analysis, 
the  aft  bolting  ring  and  pan  were  manufactured  from  nine  plies  of 
fabric.  First,  the  bolting  ring  was  laid-up  on  the  male  mandrel  shown 
in  Figure  80 ,  The  nut  plates  were  attached  after  the  above  ring  was 
cured.  Then,  the  pan  was  laid-up,  cured,  and  bonded  to  bolting  ring. 
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The  dupileatl  >r:  ,:f  t  hicknesr.  a*  the  ton.l'ng  interface  was  intentional 
in  order  to  achieve  additional  stiffeners  at  either  enu  of  the  tank. 

The  fabrication  af  the  forward  boltlnK  nine  and  pen  ua«  identical  to 
that  or  art  end  except  six  plies  were  used,  again  to  be  compatible 
with  the  previously  obtained  shell  thicknesses  The  outside  and  inside 
views  of  one  set  of  bolting  ring  and  pan  are  shown  In  Figure  93  and 
9*J,  respectively 

e.  Miscellaneous  Components 

Since  the  suspension  lug  bushings,  air  pressure  fitting,  and  water 
drain  fitting  could  not  be  furnished  either  by  Monsanto  Research 
Corporation  or  by  the  Air  Force  as  Initially  required,  It  was  necessary 
to  fabricate  these  components  to  better  simulate  the  metal  tank.  The 
air  pressure  and  water  drain  fillings  were  machined  from  7075-T651 
aluminum  bar  stock,  and  the  suspension  lug  bushings  were  machined 
from  7075-T6  bare  aluminum  alloy  plate  stock.  These  parts  are  shown 
in  Figures  5^,  56,  and  53,  respectively.  One  set  of  each  component 
was  fabricated  for  each  tank. 


3,  Repairs 


After  the  complete  rigidization  of  the  tank  main  body  and  its  removal 
from  the  final  female  curing  tool,  several  defective  areas  were  observed 
which  needed  repairs.  These  repairs  were  of  four  distinct  categories 
and,  in  all  four  cases,  room  temperature  cured  Bond  Master  M611  resin 
system  with  DTA  catalyst  was  used.  The  room  temperature  cure  was 
necessary  due  to  unavoidable  softening  and  deformation  of  precured 
part  in  reheating  cycle..  These  four  repair  areas  are: 

a.  Internal  Blisters 

On  the  inside  of  the  final  cured  tank  there  were  three  spots  where 
internal  blisters  had  caused  delamination  of  one  or  possibly  two 
plies  of  tank  material.  Thu  cause  of  these  blisters  is  attributed 
to  the  fact  that  atmospheric  moisture  may  have  condensed  in  certain 
areas  of  the  tank  material  just  removed  from  the  cooler.  These 
three  spots  were  approximately  3,  ^ ,  and  6  inches  in  diameter.. 

The  above  blisters  were  "peel-plied"  and  sanded  in  a  step-wise  manner 
to  allow  one  inch  overlap  for  each  ply  of  uncured  material  for  repair. 
Epoxy  resin  was  injected  in  those  areas  prior  to  lamination  and  cured 
at  room  temperature. 
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Collapsing  Fold  wrinkles 


On  both  sides  of  the  saddle-door  hardback  land  area,  at  about  sta¬ 
tions  50  and  121  of  the  tank,  wrinkles  wev,e  created  due  to  Incomplete 
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expansion  process.  These  wrinkles  were  U-shaped  in  cross  section  and 
were  rigidized  in  the  process  of  final  cure.  The  U-shape  internal 
protrusions  were  ground  off  and  the  laminates  on  both  sides  of  the 
remaining  hole  were  "peel-plied"  in  a  step-wise  manner,  sanded  and 
layers  of  repair  cloth  laid-up  as  required  by  previously  established 
shell  thicknesses.  The  above  repair  areas  are  shown  as  shaded  lines 
on  Figures  97  and  98. 


c.  Mold-Line  Dimples 

On  both  sides  of  the  tank  main  body  where  the  two  half-shells  of  the 
final  female  curing  tool  meet,  there  were  two  longitudinal  dimples 
1/4  inch  wide  throughout  the  length  of  the  tank.  These  dimples  were 
the  direct  result  of  excessive  deflection  in  the  flange  of  the  female 
tool  caused  by  pressure  build-up  and  thermal  expansion  due  to  heat. 

The  repair  of  these  dimples  was  similar  to  the  repairs  of  collapsing 
fold  wrinkle  above,  i.e.,  the  external  protrusions  were  ground  off, 
the  laminate  was  "peel-plied",  sanded  and  repair  cloth  laid-up  as 
required. 

d.  Saddle-Door  Land  Area  Corrugations 

The  longitudinal  portions  of  the  saddle-door  land  area,  i.e.,  the 
sides  parallel  to  the  main  axis  of  the  tank  precured  by  zone  curing, 
developed  two  one  inch  wide  corrugations.  This  corrugation  is 
believed  to  be  the  result  of  softening  of  epoxy  base  materials  in 
the  process  of  reheating,. 

The  curvature  of  the  corrugations  being  slight,  they  were  smoothened 
by  sanding  and  filling  in  gaps  with  M  611  -  Bond  Master  where 
necessary.  Additional  repair  cloth  was  laid-up  on  top  and  cured 
under  vacuum  bagged  pressure, 


4.  Final  Assembly 


After  performing  all  the  above  repairs  on  the  main  body  of  the  tank, 
the  tank  shell  and  all  the  other  components  were  ready  for  final 
assembly.  All  the  parts  were  dry  fitted  first  to  assure  perfect 
fit.  A  limited  amount  of  sanding  was  necessary. 
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The  groove  for  the  G-ring  sea]  of  the  saddle-door  was  routed  in  the 
hardback  land  area  next.  Nut  plates  were  riveted  to  the  inside  of 
the  hardback  land  area  and  the  saddle-door  was  positioned  and  bolted 
into  place.  The  bulkhead  and  slosh  baffle  assemblies  were  positioned 
and  bonded  to  the  Lank  with  precured  clip  angles  and  adhesive  as 
specified  in  Process  Specification ,  Appendix  V.  The  inside  view  of 
the  tank  with  bulkhead  and  slosh  baffle  bonded  in  place  is  shown  in 
Figure  96 . 

The  none  cone  and  tail  cone  bolting  ring  and  pan  assemblies  were 
bonded  to  the  main  body  of  the  tank  in  accordance  with  the  above 
mentioned  Process  Specification.  This  assembly  can  be  seen  in 
Figure  97 ■ 

The  cavities  or  depressions  remaining  around  the  saddle-door  and  end 
attachments  after  assembly  were  filled  with  aerodynamic  filler  for 
smoothness.  The  final  rigidized  tank  with  complete  assembly  is 
shown  in  Figure  98. 


The  objective  of  this  study  has  been  to  conduct  exploratory  develop¬ 
ment  of  an  expandable  rigidlzable  external  aircraft  fuel  tank  design 
in  order  to  determine  the  feasibility  of  such  a  concept. 

With  the  successful  production  of  the  test  specimens*  the  test 
tools,  the  full  scale  fabrication  tooling,  and  the  two  prototype 
tanks  and  their  results,  it  is  concluded  that  although  all  of  the 
above  mentioned  tasks  were  to  some  degree  exploratory,  the  con¬ 
struction  of  collapsible,  expandable  and  rigidlzable  tanks  and/or 
structures  Is  in  the  realm  of  possibility.  This  feasibility  con¬ 
clusion  is  based  on  (1)  the  demonstration  of  a  concept  by  its  physi¬ 
cal  production;  and,  (2)  the  pro  and  con  experiences  gained  in 
regards  to  the  factors  affecting  the  successful  materialization  of 
such  a  concept. 

Although  the  above  conclusion  is  significant  the  results  clearly 
indicate  the  necessity  of  a  more  fundamental  approach  to  the 
considerations  given  to  the  design,  the  analysis,  the  tooling, 
and  the  fabrication  of  this  type  of  structure  in  the  actual  pro¬ 
duction.  The  following  recommendations  are  made  in  a  systematic 
fashion  following  the  order  of  the  headings  appearing  in  the  out¬ 
line  of  this  report. 

1)  Improvements  and  optimizations  can  be  made  in  the  design 
concepts  to  Increase  the  nesting  ratio  and  enhance  the  ease' of 
collapslbility .  For  example,  the  saddle-door  hardback  subtend¬ 
ing  angle  e ,  can  be  reduced  from  the  present  l80°  to  a  much 
smaller  angle,  thus  attaining  a  higher  nesting  ratio.  The  extent 
to  which  this  angle  can  be  reduced  is  dependent  on  the  buckling 
mode  shapes  of  the  tank  shell  and  the  results  of  stress  analysis 
optimization. 

The  beveling  of  both  ends  of  the'  saddle-door  hardback  and 
consequently  the  hardback  receiving  land  area  can  be  eliminated 
to  increase  nestability .  This  modification  not  only  reduces  the 
length  of  the  hardback  but  also  places  the  saddle-door  In  the 
cylindrical  portion  of  the  tank.  Because  of  single  curvature 
of  the  tank  in  this  area,  both  tooling  and  fabrication  tasks 
become  simplified  and  economical. 

Both  reduced  subtending  angle  and  the  rectangular  ends  of 
the  saddle-door  hardback,  tend  to  facilitate  the  zone  curing 
process,  due  to  the  fact  thatonly  one  half  shell  of  the  final 
female  curing  tool  need  be  imbedded  with  electrical  elements. 

The  above  design  concept  improvement,  in  general,  reduces  the 
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complexity  o !'  including  the  saddle-door  impression  .in  both 
halves  of  the  male  mandrel  forming  tower,  final  female  curing 
tool  and  minimize:  the  physical  difficulties  encountered  in 
the  .Lay-up  process. 

2)  In  the  design  of  the  full  scaie  tank,  it  is  possible  to 
reduce  the  tank  weight  considerably  or  to  eliminate  the  bulk¬ 
heads  altogether  by  means  of  improving  the  material  properties. 

One  way  of  accomplishing  either  of  the  above  mentioned  object¬ 
ives  is  to  investigate  the  possibility  of  using  the  present 
resin  system  in  the  filament  winding  technique,  which  increases 
the  Young's  Modulus  of  Elasticity  considerably.  This  recommenda¬ 
tion  is  based  on  the  comparisons  of  data  of  several  other  epoxy 
base  glass  fabrics,  and  it  is  anticipated  that  the  material  used  for 
this  study  will  exhibit  a  similar  improvement- 

It  is  considered  that,  in  addition  to  Improved  material  prop¬ 
erties  and  mere  advanced  stress  analysis  techniques,  a  reliability 
study  would  also  be  in  order,  A  higher  confidence  can  be  placed 
in  a  structure  by  a  factor-of-safety  method  as  is  the  case  in  the 
present  study.  In  an  individual  component  analysis  a  large  posi¬ 
tive  factor  and/or  margin  of  safety  is  commendable,  but,  no  matter 
what  magnitude  the  factor  cf  safety  has,  the  actual  reliability 
of  the  structure  is  never  known.  In  contrast,  the  reliability 
design  approach  considers  the  statistical  nature  of  the  design 
factors  and,  in  this  way,  requires  not  only  a  known  reliability 
but  also  the  confidence  level  associated  with  the  statistical  data 
utilized, 

3)  In  the  Initial  studies  of  a  feasibility  type  program,  some¬ 
times,  it  is  considered  that  "soft"  or  nonproduction  tooling  is 
more  expeditious  and  economical.  However,  in  the  final  analysis, 
the  disadvantages  associated  with  temporary  and  non-production 
type  tooling,  such  as  tool  malfunctioning,  repairs  and  fabrica¬ 
tion  of  sub-standard  production  parts  offset  time  and  money  saved, 
if  any , 

If  the  granules  used  for  the  formation  of  the  male  mandrel 
are  blown  into  the  bladder  bag  rather  than  being  precipitated  by 
gravity  a  great  deal  of  time  can  be  saved  in  the  production 
process.  The  central  manifold  of  the  mandrel,  used  for  evacuat¬ 
ing  the  air  from  the  granules,  could  be  redesigned  to  allow  faster 
filling  and  purging  of  modules  after  tank  lay-up  and  compaction. 

To  minimize  longitudinal  deflections  the  side  flanges  of  the 
final  female  curing  tool  half-shells  should  be  increase  in  thick¬ 
ness  and  the  distance  between  the  attached  bolts  and  interior 
edge  of  the  flange  should  be  reduced-  It  is  also  possible  to  pre¬ 
vent  excessive  deflections  by  intermittent ly  strapping  the  two  half¬ 
shells  of  the  tool  together  These  methods  will  eliminate  the  ex¬ 
tensive,  uneconomical,  manual  repairs  of  the  produced  parts. 
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The  bladder  bag  used  for  the  application  of  positive  pressure 
should  be  either  molded  from  a  stronger  material  or  be  reinforced 
throughout  its  length  to  alleviate  the  damages  brought  about  by  its 
extensive  use.  Since  the  bladder  bag  is  the  focal  point  of  several 
functions  and  Is  instrumental  in  the  production  of  the  ma.lor  tools, 
its  thicknesses  at  various  stations  of  the  tank  should  be  more 
rigidly  controlled. 

k)  In  the  manufacturing  phase  a  great  deal  of  time  and  labor 
will  be  saved  if  the  number  of  gores  are  kept  to  a  minimum. 

This  objective  can  be  achieved  by  a  process  of  optimization  and 
the  automation  in  the  layout  of  the  gores  and  templates.  It  is 
also  possible  to  accomplish  the  same  result  by  changing  the 
direction  of  the  gores  from  transverse  to  longitudinal  and  pre¬ 
weave  the  cloth  to  conform  with  the  tank  mold  lines. 

Finally,  instead  of  simulating  the  present  metal  tank,  the 
entire  tank,  including  internal  plumbing  and  other  external 
components  and  appurtenances  can  be  redesigned  to  comply  with 
the  concept  of  collapsibility ,  expandibility ,  and  rigidization. 

The  plumbing  should  be  redesigned  to  conform  with  the  concept 
of  the  collapsibility  of  the  tank. 
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Figure  1.  Female  Mold  on  Plaster  Model 
for  AF  Demonstration 


Figure  2.  Molded  Hardback  (SN-1)  Molded 
Thermoelastic  Part  (SN-2)  for 
AF  Demonstration 
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Figure  4 


SN-1  and  2  Parts  after  Attempt  Was 
Made^to  Fold  the  Thermoelastic  Nose 
Section  at  Approximately  250°F  for 
AF  Demonstration 
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5.  SN-i  and  3  Parts  after  Attempt  Was 
Made  to  Fold  the  Second  Thermo- 
elastic  Nose  Section  at  Approxi¬ 
mately  250°F  for  AF  Demonstration 
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Figure  7.  SN-1  and  4  Deployed  after  Being 
Folded  for  AF  Demonstration 
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Ferro  Corpora  tlon/Cordo  Division 
r.G.  Box  2426,  1754  Telegraph  Road 
Mobile,  Alabama  36601 


CF-39 
Rev.  A 


Attention.  Purchasing  Department  _  jtk*lAnl&  - CaA*. _ 

Reference  your  F  O.  Dated  _  .  llhUia^ _ 

This  is  to  certify  that  this  material  furnished  on  above  order  was  produced  in  con¬ 
formance  with  applicable  specification  and  that  test  reports  are  on  file  subject  to 
your  examination  . 


Product  ___  _ m  -nw _ 

Amount  Shipped  (Yds/Lbs.) _ 

'  Width  3*  " 

APPLICABLE  SPECS: .  J$A£zHLzj>a1 _ 


Resin  %  (Wet/Dry)  _  _ 

Volatiles  %  ■  If.  iins  &  ft  15*  °F) 

riow  %_  H*3  c  i*  J3Si  @  .  °f) 

Gel  H"*) _ (mlVl'  @  3  If  °F) 

••  ^ 

Other  Requirements._  ...  -Sieai-flOeV _ 


Date 

III  Urn!  U  7 

Batch  No 

ntuz 

Date  Mfg 

.  tiLs/e.1 

QUALITY  CONTROL  REPORT: 

Resin  % 

VI  .1 

Volatiles  %  Oill 

Flow  % 

/y.« 

mins  10  secs 

Comments: 


Very  truly  yours , 


Date  Shipped: 


MjkJa 


cCu^jr&oo,  n_ 

Charles  R  .  Clark 
Quality  Control  Manager 

Figure  8 

Certification  of  MRC-MS-0C1  Material 
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Cr-37  Revis. 


f'ERRO  r.CRFORATION,  GORDO  DIVISION 


•  RODL'GI  ROLL  LOG 


-rv  i x  fttilMik  Cj»|u  . 

>v*  .  D.-iUklU . . . . _ 


PRODUCT 


9ATCH  VO.  T6fc$ 


Figure  9 

Prepreg  Product  Roll  Log 
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Figure  11.  Spot  Curing  Using  Infrared  Light 
and  Vacuum  Bag  Process 


77 


Figure  15.  Folded  Uncured  Section  of 
Zone  Cured  Honeycomb  Panel 
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Figure  18  -  Continued 
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Degrees  Centigrade  Degrees  Centigrade 

Figure  19  -  Tank  Material  Thermal  Figure  20  -  Tool  Material  Thermal 

Characteristics  Characteristics 


Figure  22  -  Compaction  Teat  Equipment  and  Set-up 
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Figure  23  -  "SCR  Verl-Llte"  Granule  Compaction  Test  Set 
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Figure  25  Cylind’ffcil  Tool  -  (Test  Specimen) 


NO  INFORMATION 
BEYOND  THIS  POINT 
NOT  FILMED 


N| 


■  (,  oo - 


I 

1 


Hons  umtfs  ortfftr//sfi  mtpp 


-  fa)  /  nee  ( t  mt:nf*no»s) 


Figure 


i gure  <^8  Conical  Tool  -  (Test  i'peclrti(?n) 
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Figure  32  Further  Collapsing  of  B-staged  Portion,  c.(2) 


Figure  33  Rlgldized  Cylindrical  Test  Specimen  of 
"Saddle -type"  Concept,  c.(2) 
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Figure  37  Tool  for  Cylindrical  Test  Specimens 


Figure  38  Vacuum-bagged  Cylindrical  Test  Specimen,  c.(l) 
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Figure  44  Expanded  Conical  Test  Specimen  c.(3) 
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Figure  45  Rlgldized  Conical  Test  Specimen  c.(3) 


Figure  47  Inside  View  of  Bolting  Ring  and  Cap 
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Figure  Flat  Pattern*  of  Developed  Boras 
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Figure  66  internal  Male  Piaster  Mandrel 
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Figure  71  Bulkhead  Clip  Lay-up 
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figure  75  Hardback:  lay-up  Die 


Figure  76  Male  Mandrel  Forming  Tower 


Figure  77  Silicone  Bag  Male  Mandrel 


Figure  78  Top  Half  of  Final  Female  Curing  Tool 
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Figure  83  Final  Vacuum  Bagging  For  Compaction 


Figure  84  Wet  Lay-up  Tank  In  Female  Tool 
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Figure  85  Hardback  Tool  and  Bottom  Skin  Lay-up 


Figure  86 


B-Staged  and  Zone  Cured  Tank 
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Figure  93  Outside  View  of  Bolting  Ring  and  Pan 


Figure  9^  Inside  View  of  Bolting  Ring  and  Pan 
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List  of  Physical  Tests 
(Revision  A  11-17-6?) 

A J 1  tests  to  be  run  at  ambient  temperature. 


Total  Mo.  of 
Specimens  To 

Test  Be  Tested  (A)  Sped  fl cation 


•Tensile 

15 

X 

3 

= 

95 

A  STM 

n 

6  3  8  -  6  N  T 

*Tenslle  Modulus 

15 

X 

3 

n 

A  5 

A  STM 

D 

638-6 «T 

•K !  or:  ft  at  1  on 

1 5 

X 

3 

= 

l!5 

A  STM 

633-69? 

•Compression 

15 

X 

3 

- 

'15 

A  STM 

!) 

6.95-6  3T 

•Compression  Modulus 

15 

X 

3 

85 

*»5 

A  STM 
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695-6  3*1’ 

•flexural 

15 

X 

3 

= 

H5 

A  STM 

D 

790-66 

•Flexural  Modulus 

15 

X 

3 

Vi 

"5 

A  S  TM 
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790-66 

•Shear  (notched) 

15 

X 

3 

s 

*»5 

A  STM 
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2395-65T 

•Bearing 

15 

X 

-> 

J 

= 

'15 

A  STM 

D 

953-59 

•Modulus  of  Rigidity 

15 

A  STM 

n 

109  3-61T 

Resin  Content 

20 

X 

5 

_ 

100 

(D) 

Fed . 

Test  Method 

Std. 

No 

.  ' 106-706 

.".peel  fl  c:  Gravity 

20 

X 

5 

100 

(B) 

A. STM 

p 

793-69T 

*  =  Properties  will  be  measured  at  angles  of  loading  of 
0°  ,  As'’  and  90”  to  the  warp  direction  of  the  fabric. 

It  -  5  i'.uno!::  x  three  warn  directions*. 

•;  =  Three  .specimens  each, 

20  =  Total  of  ,’C  test  panels. 

5  -  Total  ter.t  specimens  freer!  each  nanel. 
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PHYSICAL  PROPERTY  TEST 


Table  XIII  -  Compression  Modulus  and  Ultimate  Compression  Stress 


32?*F,  30  rSI,  i  i/2  Hours  cure  Time  | 

Speo. 

Load 

Compression 

Ult.Compresslor 

Comp*  Modulus 

NO- 

Ifoa  • 

DSi 

PSl 

DSl 

1 

3,810 

25,9^0 

49,416 

3.44  x  10*> 

2 

3,760 

25,906 

48,704 

3.61  x  106 

3 

4,100 

25,873 

53,040 

3.47  x  106 

Average  — *- 

25,906 

50,386 

3.50  x  106 

425#F,  15  PSI,  1  1/2  Hours  Cure  Time 

Speo. 

Load 

Compression 

Ult.Compresslor 

Comp,  Modulus 

No. 

lbs. 

osl 

PSl 

psl 

1 

3,576 

29,629 

52,962 

3.88  x  106 

2 

3,760 

29,806 

56,035 

3.93  x  106 

3 

3,600 

29,850 

53,731 

4,78  x  106 

Average  — *•> 

29,762 

54,242 

Table  XIV  -  Bearing  Strength  of  Tank  Material 


Speo, 

No. 

Hole 

Dlam, 

Load 
lbs . 

Bearing  Stress 
psl 

Load 

lbs. 

Max,  Bearing 
Stress  psl 

mm 

.126 

350 

28,058 

957 

76,719 

D 

.126 

430 

34,471 

910 

72,952 

H 

.126 

• 

1 

1 

970 

77,761 

B 

.126 

320 

25,653 

1,060 

84,976 

1 

.126 

300 

24,050 

987 

79,124 

j  Average  — 

(4*) 

28,057 

(Max.) 

78,306 

*  Bad  Curve 


Table  XV  Tank  Shell  Weight  Trade-off  Studies 


WITH  BULKHEADS  @  34  INCHES 


WITHOUT  BULKHEADS 


Shell 

lbs. 

%  of 
Shell 

Tank 

lbs. 

56  of 
Tank 

64.52 

111.24 

146.52 

104.66 

67.25 

115.95 

149.25 

106.61 

70.95 

122.33 

152.95 

109.25 

75.95 

130.95 

157.95 

112.82 

*  of 

Tank 

36  of 

Shell 

lbs . 

Tank 

155.88 

172.41 

123.15 

165.81 

178.17 

127.26 

177.59 

185.00 

132.14 

188.47 

191.31 

136.65 
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TABLE  XIX 

FINAL  STRESS  ANALYSIS  OF  THE  TANK  I,  34  INCHES 


Table  XX  Basic  Dimensions  of  the  Tank 
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WINO  TANK  M4TERIAL 
SPECIFICATION 

•i  *  a  *•  mw  ****** 

"miLniKij  uiiUin 

Mo  won.  Me  aai 

REVISION  "A"  12-4-67 


1.  Scope 

1.1  This  specification  establishes  the  requirements  to  be 
.net  for  B-staged  epoxy  resin  Impregnated  glass  fabric 

1.2  Classification 

1.2.1  Types  -  The  material  Is  available  in  the  following 
types : 

Types  I  -  l8i  style  E-  glass  fabric  constructed  from 
yarns  designated  as  ECDE  75-1/0  impregnated 
with  an  epoxy  resin  (See  3.4  and  3-5) 

2.  Applicable  Documents 

2.1  The  following  documents,  of  the  issue  in  effect  on  date 
of  initiation  for  oia  or  request  for  proposal,  form  a 
part  of  this  specification  to  the  extent  specified 
herein ; 


Specif  mations 

Federal  u-P-p /fl 

Miiitai  y  Ml  i.,-F-9u8 
Mi  u-H-ijOO 

Standards 

Federal 

Fed  Test  Met  nod 
Std  !■ 


Plastic  film  (polyethylene. 

thin  gage) 

Finish,  for  glass  fabric 

resin,  epoxy,  low  pressure 
laminating 


Plastics:  Methods  of  Testing 


NOTE: 


The  information  presented  on  this  page 
shall  not  be  disclosed  without  consent 
Corporation. 


is  proprietary  and 
of  Monsanto  Pesearc 
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3* 

3.1 


Requirements 

Qualification  -  The  impregnated  clotha  furnished  under 
specification  shall  be  a  product  which  has  been  tested 
passed  the  qualification  tests  sn-MrVJ1!!.-!?"  fcest:ed’  4nd 
oeen  nstea  on  or  approved  for  listing™ ‘thrkppliSab" 


3*2  Materials 
3.2.1 


3< 2. 1.1 


3 . 3 
3-3-1 


Sizes  Available  -  The  material  shall  be  supplied  as  broad 
the  following  requirements. 

impregnated  Fabric  -  Fabric  shall  be  supplied  as  y*rd- 

?ge  l!  °  L2,0  inches  with  a  minimum  roll  length 

of  35  yards  and  a  maximum  roll  length  of  75  yards 

fabMc3Mi1roi!n°enSPe  tW0  s*Parate  lengths  cf‘ 
fn  and  neither  shall  be  less  than  20  yards 

in  length.  The  minimum  roll  length  requirement  shall 

co°rf^SaL:henWthe  °rder  Welght  prevents  ^ 

conformance.  However,  in  no  case  shall  there  be  more 
than  75  yards  an  one  roll. 

Finish 

iithgVoaLf"A"ifi^ihr^°filmpr!gnation  shail  be  tr6ated 
wizn  voian  a  finish  in  accordance  with  MIL-F-9118, 


3.^  Resin  Formulation: 


Epon  828 

D1CY  (Dicyandiamide) 
Butvar  87  6# 

Thermolite  # ji  ** 
Acetone 

DMF  (Dimetnyii ormamide j 
Deionized  H;,0 

TOTAL 


Solids 
%  By  Weiaht 

Ml  x 

%  By  We 

3?  *2 

3  7  •  i 

1.11 

l.li 

12. m 

12-  Cl 

.  37 

.37 

A2.39 

6.00 

.50 

51.11 

100.00 

3.5  Properties  <ji  the  Uncured  Preimpregnated  Fabric: 

Resin  solids  content  (.dry)  38  *  2% 

Voiatixe  content  Less  than  IS 
Resin  flow  *  355 

Gel  time  minutes;  h  to  9 

NOTE:  The  information  presented  on  this  pace  is 

cS^orSuon?  dUoIosed  consent  of  Monsanto  rLoS 


2Cii 

I 

r 


i 

1 


4 
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3.6  Storage  Stability  -  The  impregnated  fabric  shall  meet  the 
reguirements  specified  herein  after  storage  for  three  months 
from  date  of  manufacture  at  a  maximum  temperature  of  *J0°F. 

No  material  shall  be  shipped  after  30  days  from  date  of 

iuot nui  0O  u ui* c  , 

3.7  Approval  -  Material  furnished  to  the  requirements  of  this 
specification  shall  be  a  product  that  has  received  approval 
from  the  procuring  activity,  and  is  listed  in  &.h.  The 
supplier  is  advised  that  no  material  formulation  or  con¬ 
struction  can  be  changed  without  approval. 

3.8  Workmanship  -  This  material  shall  be  free  of  foreign  matter 
and  shall  be  prepared  In  accordance  with  the  best  commercial 
practices  for  this  material- 

14.  Quality  Assurance  Provisions 

i*.l  Responsibility  for  Inspections  -  Unless  otherwise  specified 

in  the  contract  or  purchase  order,  the  supplier  is  responsible 
for  the  performance  of  ail  inspection  requirements  as  specific 
herein.  Except  as  otherwise  specified,  the  supplier  nay 
utilize  his  own  or  any  commercial  laboratory  acceptable 
the  procuring  activity  The  procuring  activity  reserves 
right  to  perform  any  of  the  inspections  set  forth  i  r.  the  spec  ¬ 
ification  where  such  inspections  are  deemed  necessary  to 
assure  supplies  and  service;-,  conform  to .  prescribed  requirement 

4J.2  Qualification  Tests  -  Qualification  tests  for  the  material 

supplied  under-  '.his  specification  shall  consist  of  the test  £ 
necessary  to  s.-.ow  ccndornance  with  all  the-  requirement  ;•  : 

this  specif  in  v.c 

A  3  Acceptance  in  a  pet  t  ions  -  Acceptance  inspections  ei.-alj  -..  .c.s’.-t 
of  the  f  0 1  i 0 w  i  n g  t  e r.  t s  • 

a  .  Res  ri  c- lid.-:  c o i .  1. n t 
b.  Vo  lat_  1  content 
c  Rcsrn  i  ow 

C  Ge  *  ti  me 

e.  Tensiic  strength  (ambient  temperature ) 

f.  Flexural  strength  (ambient  temperature) 

g.  identification 

<! .  3 . 1  Acceptance  Test  report  -  The  supplier  shall  Include  with  each 
lot  shipped,  two  copies  of  a  written  test  report  stating  le.-t 
results  conforming  to  all  the  acceptance-  inspection  tests 
specified  in  <■ .  3. 


NOTE:  The  information  presented  on  this  page 
shall  not  be  disclosed  without  consent 
Corporat ion . 
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Test  Methods 


4.4.1  Volatile  Content  -  Using  a  template,  cut  four  (4  x  4  inches) 
square  specimens  on  the  bias  from  random  locations  on  each 
sample.  Weigh  each  specimen  to  the  nearest  milligram 
(0.001  g)  and  then  suspend  each  in  a  circulating  air  oven 
at  3 2j  -  j°F  for  15  minutes  *  i  minute,  on  removing  the 
specimens  from  the  oven,  cool  in  a  desiccator  to  room  temp¬ 
erature  and  reweigh  each  specimen  to  the  nearest  milligram. 
The  average  of  the  four  values  shall  be  recorded.  Calculate 
the  volatile  content  as  follows: 


Volatile  content,  weight  percent 


where : 


“  original  weight  (in  grams) 


weight  of  specimen  after  volatiles  removed 
(in  grams) 


*1.4.2  Resin  Solids  Co 
volatile  conten 
ignited,  cooled 
The  specimens  s 
maintained  at  1 
until  the  glass 
specimens  to  ro 
weigh  each  spec 
the  resin  cents 
the  four  values 


r.tent  -  The  four  specimens  used  for  the 
t  tests  shall  be  placed  in  previously 
and  weighed  porcelain  evaporating  dishes, 
hall  then  be  ignited  in  a  muffle  furnace 
GcjO  t  50°F  for  a  minimum  of  one  hour  or 
fabric  is  white  in  color.  Cool  the 
cm  temperature  in  a  desiccator  and  re- 
lmen  to  the  nearest  milligram.  Calculate 
nt  as  follows:  and  record  the  average  of 


Resin  Solids  content,  weight  percent  = 


-  x  100 


where:  W_  *  weight,  of  specimen  after  volatiles  removed 

1  i.iri  grams) 


W  -  weight  of  specimen  after  ignition  (in  grams) 


4.4.3  Wet  Resin  Flow  -  Using  a  template,  cut  t 
inches;  squares  on  the  bias  from  random 
sample-  Stack  sever,  of  these  squares  to 
weigh  to  the  nearest  milligram  and  then 
.005-inch  thick  Teflon  or  other  suitable 
each  side  of  the  specimen.  Flace  the  sp 
center  of  a  preheated  press  with  platen 
325  1  5°F.  Immediately  close  the  press 
weight  pressure  of  i*3  psi  .  Cure  the  spe 
minimum,  remove  the  parting  film  from  th 


wenty-one  (4  by  4 
locations  on  each 
form  a  specimen, 
place  a  sheet  of 
parting  film  on 
ecimen  in  the 
maintained  at 
and  apply  a  dead 
cimen  for  15  minutes 
e  specimen.  Allow 


NOTE:  The  information  presented  on  this  page  is  proprietary  and 

shall  not  be  disclosed  without  consent  of  Monsanto  Research 
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to  cool  to  ambient  temperature  and  carefully  remove  the 
resin  flash.  Then  reweigh  to  the  nearest  milligram. 
Calculate  the  resin  flow  as  follows  and  report  the 
average  of  the  three  results: 


Resin  flow  percent 


W,  -  W„ 


x  100 


where:  *  original  weight  of  specimen  prior  to  cure 

W  •  weight  of  specimen  after  cure  with  flash 
4  removed. 


4.4.4  Gel  Time  -  Before  fabricating  the  mechanical  teat  speci¬ 
mens,  determine  the  gelation  time  of  the  material  as 
follows : 

a.  Prepare  a  laminate  using  &  template  to  cut  a 
sufficient  number  of  squares  (4  by  4  inches). 
Sandwich  this  specimen  between  sheets  of  tetra- 
fluoroethylene-coatcd  glass  cloth  or  other 
parting  material.  The  total  thickness  shall  be 
compatible  with  the  procedure  defined  in  (c  ) 
below • 

b.  Place  the  specimen  in  the  center  of  the  platens 
of  a  preheated  press  which  has  been  stabilized 
at  325  *  5nF  and  close  rapidly  applying  a 
pressure  of  30  psi. 

c.  Probe  the  extruded  resin  with  rigid  1/8-lnch 
diameter  wood  stick  until  gelation  occurs. 
Preceding  gelation,  the  resin  will  adhere  to 
the  angled  surface  of  the  probe  and  long  strings 
will  form  as  the  probe  is  withdrawn.  Gelation 

is  defined  as  the  time  after  pressure  application 
at  which  the  resin  will  no  longer  form  strings. 
Report  tne  average  of  two  determinations. 

4.4.5  Mechanical  Test  Specimen  Preparation 


4. 4. 5.1  Laminate  Preparation  -  Prepare  a  laminate  approximately 
10  by  12  inches  with  the  warp  direction  parallel  to  the 
10-lnch  dimension  A  sufficient  number  of  plies  shall 
be  used  to  give  a.  cured  thickness  of  .125  +  0.010  - 
0.020  inch.  The  lay-up  shall  be  placed  between  a 
.005-inch  Terion  or  other  suitable  release  film  leaving 
the  ends  open,  Place  the  laminate  in  a  preheated  press 
maintained  at  325  1  10°F  and  apply  a  pressure  of  30  psi 


NOTE: 


The  information  presented  on  “ 
shall  not  be  disclosed  without 
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6.1 


Intended  Use  -  The  material  covered  by  this  specification 
is  intended  for  use  in  the  fabrication  of  laminated  struc¬ 
tural  components  which  may  be  subjected  to  temperature  of 
io5sF. 

6.2  Ordering  Date  Procurement  dooumente  should  specify  the 

following: 

a.  Title,  number  and  date  of  this  specification 

b.  Material  type  required 

c.  Quantity  required  in  yards 

6.3  Definitions 


6.3.1  Impregnated  Fabric  Lot  Size  -  A  lot  of  epoxy  resin  impreg¬ 
nated  fabric  shall  consist  of  the  original  rolls  of  one 
lot  of  fabric  and  one  batch  of  resin  used  for  impregnation 
at  the  same  time  in  one  continuous  uninterrupted  24-hour 
coating  operation  so  that  the  length  requirement  of 

3. 2. 1.1  shall  not  consist  of  material  from  more  than  one 
lot  number. 

6.3.2  Resin  Batch  -  A  resin  batch  is  defined  as  that  quantity  of 
material  which  has  been  subjected  to  unit  chemical  processing, 
or  physical  mixing,  or  both,  designed  to  produoe  a  product 

of  substantially  uniform  characteristics. 

6.4  Source  of  Supply: 

6.4.1  Cordo  Division  of  Ferro  Corporation,  P.  0.  Box  72,  Mobile, 
Alabama  3 6610 


A  *  Purchased  from  Monsanto  Company 
St.  Louis,  Missouri. 

**  Purchased  from  M  &  T  Chemical  Company 
Rahway,  New  Jersey. 


NOTE:  The  information  presented  on  this  page  is  proprietary  and 

shall  not  be  disclosed  without  consent  of  Monsanto  Research 
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REVISION-c 
REVISED  12-29-67 


WING  TANK  MANUFACTURING 
PROCESS  SPECIFICATION 


No.  MRC-MP-001 


SUBJECT:  Pressure  bag  molding  reinforced  thermoplastics  for 

making  an  expandable,  rlgidizable  wing  tip  tank. 

1.  Scope 

1.1  This  process  describes  and  establishes  the  procedures 

and  requirements  for  the  fabrication  of  an  expandable, 
ngldizable  wing  tip  tank 

1.2  There  is  no  equivalent  government  process  specification. 

1-3  Types  or  Classes 

1.3.1  Type  I  -  Fabric,  i8l-7i>ECDE  yarns  "E"  glass  fabric 
impregnated,  MRC-MS-COi  Type  I 

1 .  *4  Applicable  Documents: 

The  following  documents  of  che  issue  shown  form  a  part 

of  this  specification  to  the  extent  specified  herein. 

1. h.l  Government  Specifications  and  Standards : 

Federal  test  method  standards  ^06-plastics , 
method  of  testing 

2.  Materials 

2.1  l8i  Style  E-glass  fabric  constructed  from  yarns  designated 

as  ECDE  75-1/0  impregnated. 

Spec:  MRC-MS-OOi 

NOTE:  The  information  presented  on  this  page  is  proprietary  and 

shall  not  be  disclosed  without  consent  of  Monsanto  Research 
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Source:  Coast  Manufacturing  &  Supply  Company 
Cordo  Division  of  Ferro  Corporation 
Narmco  Materials  Division 

2.2  EPON  828  Resin 

Source:  Shell  Chemical  Company,  Cleveland,  Ohio 

2.3  Dicyandiamide  (D ICY; 

Source:  Matheson  Coleman  6  Bell,  Cincinnati,  Ohio 

2 . 4  Butvar  B-76 

Source:  Monsanto  Company,  St-  Louis,  Missouri 

2.5  Thermolite  31 

Source:  M  it  T  Chemical  Incorporated,  Cincinnati,  Ohio 
2-6  Solvent,  Dimethyif ormaniae  VDMF; 


Source : 

Amsco 

Solvents  It  Chemical  Company 

,  Cincinnati,  Ohio 

2.7 

Solvent, 

Acetone 

Source  : 

Amsco 

Solvent  tt  Cnemieai  Company, 

Cincinnati,  Ohio 

2.8 

Solvent, 

Naptha 

Source : 

Amsco 

Solvent  &  Chemical  Company, 

Cincinnati,  Ohio 

<2.9 

Deiomced 

H.° 

2.10 

Polyetnyiene  Bag 

002"  thick 

2.11 

Caprun  30 

film  - 

00b"  thick 

Source : 

Allied  Chemical  Corporation,  Morristown,  New  Jersey 

2-12 

Tedlar  Film  -002"  tnick 

Source:  S.  1-  DuPont  De  Nemours  &  Company,  Cleveland,  Ohio 

A2-13  Mold  Release,  252-C  Solution 

Source:  Axex  Pxsstics  Research  Laboratory,  Long  Islana  City, 

New  York 

A? .  1<4  Nylon  Bleeder  Fabric  Style  #39<?1 

Source:  Miitex,  Incorporated,  Fort  Washington,  Hew  York 

NOTE:  The  Information  presented  on  this  page  is  proprietary  and 

shall  not  be  disclosed  without  consent  of  Monsanto  Research 
Corporation. 
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AJ  a 5  Cotton  Bleeder  Cloth  Coyle  Qoldtex  niO'. 

Source:  Industrial  Textiles,  Incorporated,  Cincinnati,  Ohio 

j.  Equipment 

j  1  Vacuum  pump-capable  of  culling  minimum  of  25  inches  Hg. 

3  2  Pressure  puir.p-capabie  of  pumping  air  to  <#5  psi . 

3-3  Pressure  regulator-capable  of  controlling  pressure  +  1  psi' 

3- A  Female  Thermo  Rubber  Bag  to  take  internal  pressure  30  psi 

and  to  350°F  and  with  thermocouple  outlets  and  thermo¬ 
static  control  to  meet  the  temperature  requirement.'!  of 
this  process 

3.;:  Weighing  equipment  capable  of  an  accuracy  of  i/«  of  one- 

percent 

36  Waxk-in  cooler  or  refrigerator  capable  of  maintaining 

uC-’F1  or  below 

j.,'  Instrumentation  as  required  by  this  process 

4  Procedure 

<) ,  1  Mold  Preparation 

m  .  1  on  new  mo  id*  remove  au  greaso,  oil,  and  ocher  a-ruice 
contaminants  v;ith  Naptha 

A't.l  ,2  Coat  trie  surfaces  of  the  nuJ  that  come  into  -  contact 

with  the  molding  materia:  with  a  stint  10:,  -if  .  : 

reiiaso 

■1  ■  a.  3  A f  e  v  *eu  c  r.  rr.c  .ding  r  err. ivt-  a  .  1  f  :  u  s  n  u t  u  lore  1  g  :t  :  .a 1 1- ;  :  u  . 
rrc,r.  the  mold  Use  prana  tools  and  compressed  air 


u  tr  Preforming 

h-t  .'.1  Cut  the  p  re  impregnated  c*oth  in  a  pattern  to  form  a 

layer  of  uniform  coverage  over  the  surface  of  the  mo  la . 
Overlap  earn  joint  „v-i"  t_  j/u" 

At,.5  l  Heat  each  ply  with  heat  gun  to  form  ;ne  ply  to  contour 
ana  to  debunk  ar.a  bond  eacr.  ply  to  the  previous  ;;*y 

ku  2- 3  Continue  operations  11  a  &  a  1  i  till  desired  number  of 
plies  have  been  placed  m  layup- 

Mote:  Rotate  overlap  joints  so  that  none  accrue  in 
same  area 

NOTE:  The  information  presented  on  this  page  in  proprietary  -u-.d 

shall  not  be  disclosed  without  consent  of  Monsanto  Reseat'-*-). 
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<•-•*  Place  nylon  bleeder  ply  over  layup 

A4.2.5  Place  two  or  more  ply  of  cotton  bleeder  over  nylon 
biceder  ply 

A4.2.6  Vacuum  bag  part  and  check  for  vacuum  leaks.  Part 
should  have  a  minimum  of  25  inches  Hg.  during  this 
period.  Place  part  in  oven  and  heat  part  to  170 
+  10°P  for  20+5  minutes  allowing  part  to  cool 

+  10®F  -0  for  20+5  minutes  -0  allowing  part  to 

cool  outside  oven  with  full  vacuum  till  part  researches  room 

A*. 2. 7  Remove  vacuum  bag  and  bleeder  material  temp 

A4.2.8  Remove  preform  from  mold 

A4  2 . 9  Trim  preform  using  hand  shears 
5  Deployment  of  Wing  Tank 

A5.x  Molding  (See  paragraph  4.1,  4.1.1,  4.1.2  and  4,1.3) 

5.1.1  Loading 

C.  .1-11  Loading  preform  wing  tank  assembly  into  female  thermo 
rubber  bag  or  female  mold.  Vacuum  bag  part  in  female 
tool.  Apply  30  psi  total  on  part. 


5-2.1  Molding  and  Curing 

05.2.1.1  Cure  resin  system  at  335°F  +  10°F  for  3  hours  -0  + 

10  minutes  at  30  psl. 

5 -2, 2. 3  The  molding  pressure  shall  be  removed  only  when  the 

wing  tank  is  cooled  to  a  temperature  of  190°F  or  below. 

6:  Material  Storage 

Store  MRC-MS-001  material  at  or  below  40°F  in  sealed 
polyethylene  bags-  Identity  of  the  material  shall  be 
maintained  Material  shall  not  remain  out  of  refrigera¬ 
tion  more  than  24  total  hours  prior  to  being  used. 


NOTE:  The  information  presented  on  this  page  is  proprietary  and 

shall  not  be  disclosed  without  consent  of  Monsanto  Research 
Corporation. 
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1  1 

1.0  SCO?! 

1.1  Thl*  specification  outlines  the  materials  to  b«  used  and  the  procedures 
to  be  followed  for  fabricating  a  collapsible  vf.ng  tank  from  composite 
tutorials. 

1.2  This  doewaent  describes  the  ln-house  fabrication  of  subassemblies  and 
the  on-site  assembly  of  the  complete  structure.  Provisions  were  made 
lo  the  selection  of  oacerials  and  processes  for  the  final  assembly  to 
accommodate  relatively  unsophisticated  processing  equipment  normally 
available  at  on-site  installations. 

2.0  APPLICABLE  DOCUMENTS,  EQUIPMENT  AND  MATERIALS 

2.1  Documents 


Drawings 


TT- 17901  Tank-Complete,  150  Gallon  Collapsible  "ins,  Assy,  of  (Test) 
TT-17902  Hardback  -  150  Gallon  Collapsible  Wing  Tank  Assy,  of  (Test) 
TT-17903  Bulkhead-Collapsible  Wing  Tank,  Assy,  of  (Test) 

TT-17904  Clip-Bulkhead,  Collapsible  Wing  Tank  (Test) 

TT-17905  Bushing-Collapsible  Wing  Tank,  Suspension  Lug  (Test) 
TT-17906  Fitting-Air  Pressure  Adapter,  Collapsible  Wing  Tank  (Test) 
TT-17907  Bolting  Ring-Collapsible  Wing  Tank,  Assy,  of  (Test) 
TT-17908  Fitting-Water  Drain,  Collapsible  Wing  Tank  (Test) 

TT-17909  Tank-Collapsible  Wing,  Assy,  of  (Test) 

Sketch  No.  3  Overlap  Stations  Parallel  to  the  Longitudinal  Axis 

Sketch  No.  4  Flat  Patterns  of  Gores,  Sheet  1 

Sketch  No.  5  Flat  Patterns  of  Gores,  Sheet  2 

Sketch  No.  6  Flat  Patterns  of  Gores,  Sheet  3 

Sketch  No.  7  Flat  Patterns  of  Gores,  Sheet  4 

Specifications 

HKC-MS-001  Specification  for  Impregnated  Cloth  for  Making  an 
Expandable  Rlgldlzable  Wing  Tip  Tank 
MRC-MP'OOl  Wing  Tank  Manufacturing  Process  Specification 
MIL-T-7378A  Military  Specifications  Tanks,  Fuel,  Aircraft, 

External,  Auxiliary,  Removable 

HIL-P-254ZIA  Plastics  Material,  Glass  Fiber  Base-Epoxy  Resin,  Low 
Pressure  Laminated 

LA-0103-004  Tolerances  and  Processing  of  Machined  Parts 


2,2  Equipment 

Tooling 

Tooling  shall  be  of  metal,  reinforced  plastic  or  ceramic  suitable  for 
vacuum  bag,  autoclave  or  positive  air  pressure  molding  as  required  for 
the  individual  parts,  assemblies  or  operations. 
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2.2  (eont'd.) 

Hot  Air  Circuiting  Oven 

A  hot  air  circulating  oven  of  sufficient  size  to  encloae  the  largest 
part.  The  oven  shall  produce  even  heat,  controlled  to  +  S°P  up  to 
335°F  as  indicated  by  thenaocouples  throughout  the  part. 

Autoclave 

An  autoclave  capable  of  molding  materials  up  to  nine  (9)  feet  long  and 
three  (3)  feet  vide.  Even  temperature  (+  10°F)  to  350°F,  augmented 
presaure  eo  SO  psi,  and  vacuum  of  25  Inches  of  mercury  are  required. 

Vacuum  Pun pi 

For  bag  molding  operations,  vacuum  pumps  capable  of  25  inches  of  mercury 
Automatic  Temperature  Recorder 

Multiple  channel  recorder  to  continously  record  temperature  cycle  during 
the  cure  of  resins  and  adhesives. 

Cold  Storage 

Refrigerated  boxes  to  maintain  temperatures  of  35+2°?  and  -10  +  10°F 
for  material  storage. 

Pressure  Pur. a 

Pressure  pump  capable  of  producing  air  pressure  from  0  to  45  psl  and 
regulated  to  +  1  psl  at  any  established  point  within  the  range. 

Heat  Cun 

Electrically  heated,  blower  type  heat  gun  capable  of  producing  and 
maintaining  an  air  temperature  of  300°F. 

Sander 

Mechanical  type  (Jitterbug)  operating  on  110  volt,  replaceable  paper. 
Sand  Blast  Equipment 

Of  sufficient  size  to  enclose  the  largest  part,  requiring  sanding. 

Must  use  clean  silica  sand. 

Spray  Equipment 

Equipment  must  be  capable  of  airless  spraying  of  liquid  adhesive  primers. 


FORM  MV  | /(• 
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(cont'd.) 
cloning  Tanks 


A  lint  of  cleaning  tanks  capable  of  Immersing  chs  largest  aluminum 
details*  Tb#  lint  nuat  contain  acid  etch,  alkaline  cleaner,  water 
rinse,  diontzed  water  rinse  and  trichloroethylene  vapor  degrease. 


Must  be  capable  of  weighing  to  an  accuracy  of  0.25  percent  up  to  three 
(3)  pounds  and  within  1  percent  above  three  (3)  pounds. 

Support  Equlucenc 

Equipment  such  as  band  saws,  routers,  drills,  and  other  necessary  for 
mechanical  operations. 

Miscellaneous 

An  aisortccnt  of  layup  benches,  knives,  scissors,  rubbing  tools,  clean 
rags,  clean  vhite  gloves,  solvent  cans,  clamps,  spatulas,  mixing  equip¬ 
ment  and  other  miscellaneous  items. 

Materials 

Productive 


Epoxy  Resin 
Catalyst 

Pre impregnated  Fabric 
Film  Adhesive 

Paste  Adhesive 

Paste  Adhesive  Room 
Temperature  Cure 

Glass  Fabric 

Aluminum  Core  (Flexible) 

Aluminum  Honeycomb  Core 

Inorganic  Filler 

Thermocouple  Vlre 


MIL-R-9300 

APCO  320  (Applied  Plastics  Co.) 
HRC-MS-001  (Monsanto  Research  Corp.) 
MMM-A-132  Type  I,  Class  2  (AF-126-2.3M 

Co.) 

HMM-A-132  Type  I,  Class  3(Sondmaster 
M602/M611  (C1I-1)  ,PPG  Industries) 

MIL-A-8623  Type  I  (EC-2216,  3M  Co.) 

KIL-C-9084,  Type  VIII 

Flexcore  (Hexeel) 

M1L-C-7438 

1557  AB  Levigated  A^O^B.  Buehler  Ltd.) 

Iron-Constantan  CG-30-AT  30  Cage  Fiber 
Class  Shielded  (Thermo  Electric  Co.,  Inc. 
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Plastic  Film 

Separator  Sheet 

Dan  Material 

Mold  Release 
Mold  Release 
Mold  Release 
Mold  Release 

Aerodynamic  Filler 
REQUIREMENTS 
General  Requirements 


HI -Temp  Nylon  Vacuum  Bag  Film 
(Holaa  Filn  Co.) 

TX1040  Teflon  Fabric  (Pallfex  Products 
Corp.) 

DK  153  Corprene-Adhesive  Backed 
(Armstrong  Cork  Co.) 

Mold  Whix  249 

Duco  #7  Wax  (Dupont) 

Kish  250A  (Kish  Plastics) 

252-C  Solution  (Axel  Plastics  Research 
Ub.) 

MIL-S-8802,  Class  B 


3.1.2 

3.1. 2.1 


3.1. 2.1.1 


3.1. 2. 1.2 


3. 1.2. 1.3 


Certification  of  Materials 

All  materials  shall  be  procured  with  certification  for  meeting  the 
requirements  of  the  applicable  military  specifications.  Receiving- 
Inspection  tests  shall  be  conducted  upon  material  receipt  to  assure 
conformance  to  the  specifications  unless  a  certified  test  report 
assuring  specification  conformance  Is  supplied  by  the  vendor. 

Storage  of  Materials 

Raw  Materials 

Epoxy  Resins  shall  be  stored  in  closed  containers  at  75  +10°F  but 
refrigeration  (below  40°F)  is  permitted.  When  refrigerated,  the  resin 
■hall  be  waned  to  room  temperature  in  closed  containers  to  prevent 
moisture  contamination. 

Catalysts  shall  be  stored  in  their  original  containers  at  75  +5°F  with 
all  precautions  necessary  to  prevent  contamination.  A  small  amount 
(1  pint)  of  catalyst  may  be  heated  to  120  +1C°F  in  a  tightly  closed 
container  immediately  prior  to  use  to  facilitate  mixing.  If  complete 
liquefaction  Is  not  achieved,  all  materials  of  that  batch  shall  be 
scrapped. 

Prepregged  Materials  shall  be  stored  under  refrigeration  (Below  40°F) 
with  the  protective  liner  left  intact.  They  shall  be  allowed  to  reach 
room  temperature  prior  to  removal  of  separator  sheets.  No  more  material 


ftOJIM  m.M-l  ft  (V  I /•• 
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3. 1.2. 1.4 


•lull  be  left  *c  room  temperature  than  can  be  used  within  a  16 
hour  period. 

Adhesives 


3. 1.2. 1.4.1  AP-126-2  Film  and  EC-2320  Primer 

3. 1.2. 1.4. 1.1  The  adhesive  shall  be  stored  at  a  temperature  of  0°F  or  lower 
when  not  In  use.  The  primer  shall  be  scored  at  a  temperature 
of  35°-45°F.  Lower  storage  temperatures  shall  not  be  used  for 
Che  primer  In  order  to  avoid  freezing  of  this  material. 

3. 1.2. 1.4. 1.2  Details  to  which  adhesive  or  primer  have  been  applied  shall 
oot  be  returned  to  refrigerated  storage. 

3. 1.2. 1.4. 1.3  Maximum  shelf  life  of  the  adhesive  and  pricer  described  in  this 
specification  is  6  months  from  date  of  receipt  from  Supplier  If 
■alntalned  per  3.1 . 2. 1 .4. 1 . 1 .  Materials  scored  in  excess  of  this 
period  shall  be  referred  to  the  Quality  Assurance  Laboratory  for 
recertification  or  disposal. 

3. 1.2. 1.4. 2  Bondmaster  M611  Adhesive,  CH-1  Curing  Agent  and  Bond-master 

M-602,  Parts  1  and  II  Prlner 

Storage  life  of  Che  unmlxed  adhesive,  curing  agent  and  primer 
ahall  be  a  maximum  of  6  months  at  75F  or  one  year  at  40F  (or 
below)  from  date  of  receipt  from  supplier.  Materials  scored 
in  excess  of  this  period  shall  be  referred  to  the  Quality 
Assurance  Laboratory  for  recertification  or  disposal. 

3. 1.2. 1.4. 3.  EQ2216  Adhesive,  Parts  A  and  B 

Storage  life  of  the  unmlxed  adhesive  shall  be  a  maximum  of 
6  months  at  7SP  or  one  year  at  40F.  (or  below)  from  date  of 
receipt  from  euppller.  Materials  stored  In  excess  of  this 
period  shall  be  either  scrapped  or  referred  to  the  Quality 
Assurance  Laboratory  for  recertification  or  disposal. 


3. 1.2. 2 


Woven  Materials 


Unlmpregnated  glass  fabric  may  be  stored  at  room  temperature 
but  shall  be  wrapped  to  preclude  contamination  from  dust,  dirt, 
oils  and  other  contamlnents. 
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3. 1.2. 3  Core  Material 

Metallic  core  must  be  stored  In  such  tanner  a*  to  prevent  damage 
from  stacking  or  handling. 

3. 1.2. 4  Cured  Material 

Precared  laminates,  core  and  other  details  shall  be  stored  In 
the  "si-molded  condition".  They  shall  be  Interleaved  with 
kraft  paper  and  atored  In  auch  manner  aa  to  prevent  contamina¬ 
tion  from  dust,  dirt,  oil  and  handling. 

3.1.3  Tool  Preparation 

The  surface  of  the  tool  shall  be  highly  polished  and  free  of 
scratches,  pita  or  foreign  matter  which  would  impair  the  part¬ 
ing,  smoothness  and  cure  of  the  laminate.  The  surface  of  the 
tool  ahall  be  coated  with  the  parting  agents  listed  below  In 
accordance  with  the  manufacturer’s  instructions.  Where  bag 
aealanc  will  subsequently  be  applied,  the  tool  must  be  masked 
prior  to  application  of  the  release  agent.  Where  the  MCR-MS-001 
material  contacts  any  tool  surface,  regardless  of  the  tool 
material  only  Mold  Release  252C  Solution  shall  be  used  and  must 
be  renewed  after  each  laminating  operation.  Silicone  Parting 
ents  ouch  as  DC-7  shall  not  be  used. 


Metallic  Tool  Parting  Agent 

Spray  a  double  cross  coat  of  Mold  Whir  249  air  dried  for  five 
minute*  and  cured  for  25  minutes  at  225  +10°P.  Thla  material 
need  not  be  renewed  until  difficulty  in  part  release  is  noted. 

3. 1.3. 2  Won-Metallic  Tool  Parting  Agent 

Apply  a  coat  of  Duco  #7  bard  wax  to  the  mold  surface  and  polish 
to  s  high  gloss.  Spray  a  double  cross  coat  of  Kish  250A  air 
dlred  10  minutes  between  coats.  This  release  must  be  renewed 
efter  each  laminating  operation. 

3. 1.3. 3  Flat  Surfaces  -  All  Tool  Materials 

Cellophane  or  similar  plastic  film  may  be  used  where  part 
configuration  will  not  cause  wrinkling  of  the  film. 

3.1.4  Processing  Wet  Resin  Systems 

3.1.4. 1  Resin  Formula  arid  Impregnation 

The  following  formula  shall  be  used  for  Impregnation  of  all 
glass  fabric  and  shall  be  accurate  to  +  one  (1)  percent.  The 
components  shall  he  thoroughly  blended  prior  to  use  and  no  more 
than  a  four  (4}  hour  supply  shall  be  mixed  at  one  time. 
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Component 

Designation 

Parts  br  Wt. 

Percent 

Resin 

EpLRez  510  or 

80 

78.4 

equivalent 

Catalyst 

APCO  320 

22 

21.6 

tlnforcecent  Impregnation 


All  reinforcement  shall  be  Impregnated  to  40%  wet  resin  content 
by  weight.  The  amount  of  resin  formula  required  for  any  amount 
of  glass  is:  the  glass  weight  times  0.75.  This  allows  a  ten 
percent  excess  for  resin  loss.  The  resin  may  be  applied  by 
Impregnation  of  each  ply  on  the  tool  or,  where  large  quantities 
If  material  are  required,  It  may  be  applied  by  a  doctor  blade 
or  similar  equipment  as  detailed  In  paragraph  3. 1.4. 3, 


The  engineering  drawing  will  designate  the  type,  direction  and 
number  of  piles  (laminations)  of  reinforcing  fabric.  Butt  joint.; 
are  not  permitted  and  laps  shall  be  held  to  a  minimum.  V-Tien  laps 
are  necessary  they  shall  be  held  to  3/4+1/4  Inch  in  width  and,  In 
successive  plies,  shall  not  be  superimposed  over  or.e  another.  Tear 
or  peel  plies  shall  be  added  on  all  surfaces  where  secondary 
bonding  Is  required  within  the  Limitation  established  In  paragraph 
3.1.7.  Thermocouples  shall  be  Integral  with  all  lay-ups  for  the 
purpose  of  controlling  proper  temperature  of  the  resin  during 
cure  and  the  time-temperature  history  shall  be  recorded  by  auto¬ 
matic  equipment.  Location  of  the  thermocouples  shall  be  by  inspection 


Rand  Impregnation 


The  reinforcing  material  shall  be  cut  to  pattern  (allowing  1  to  2 
Inches  for  trim)  and  weighted  to  the  nearest  gram.  The  amount  of 
resin  formula  shall  be  calculated  and  mixed  In  accordance  with 
paragraph  3. 1.4.1.  A  light  coat  of  realn  formula  shall  be  spread 
over  the  tool  surface  which  has  been  prepared  per  paragraph  3.1.3 
end  a  ply  of  reinforcing  material  smoothed  over  the  surface. 
Additional  resin  and  reinforcement  shall  be  added  and  smooched 
out  until  B/P  requirements  are  obtained. 
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3. 1.4. 3.3 


3.1.4. A 


8  3. 1.4. 4.1 


3.1. 4.4.2 


Wet  Pr< Impregnation 

The  fabric  which  hag  been  Impregnated  by  mechanical  processes  to 
the  requirements  of  3. 1.4. 2  shall  be  cut  to  pattern  and  applied  to 
the  tool  previously  prepared  per  paragraph  3.1.3.  Plies  shall  be 
added  Individually  and  smoothed  on  the  tool  surface  using  a 
squeegee  or  similar  tool.  This  smoothing  operation  Is  to  eliminate 
wrinkle*  and  pressure  should  not  be  such  es  to  remove  resin  from 
the  laminate. 

Pressure  Application  and  Curing  of  Woven  Materials 
General 


Pressure  shall  be  applied  to  the  laminate  during  cure  to  Insure 
Intimate  contact  of  mating  parts.  The  pressure  shall  be  constant 
and  evenly  distributed  and  may  be  applied  by  vacuum  bag,  auto* 
clave  pressure,  positive  pressure  or  combinations  thereof. 

Vacuum  Bag  and  Cure  Operations 


3. 1.4. 4. 2.1  Vacuum  Bag  and  Rub-Out  Operations 

After  the  part  has  been  laid  up  per  paragraph  3. 1.4. 3  bag  sealant 
material  and  halr-fele  or  bleeder  material  shall  be  positioned 
on  the  mold  to  allow  a  minimum  of  3/4  of  an  inch  between  the 
bleeder  and  the  edge  of  the  lay-up  and  the  bleeder  mat  during 
the  rub-out.  The  peripheral  bleeder  shall  be  thicker,  under 
vacuun,  than  the  exposed  edge  of  the  part  being  made.  The 
vacuum  bag  shall  be  tailored  over  the  layup  and  sealed  with 
sine  chromate  putty.  A  vacuum  hose  shall  Chen  be  connected  so 
that  it  comes  in  contact  with  the  bleeder  mat.  In  no  case 
shall  the  vacuum  hose  come  In  contact  with  the  lay-up.  Adequate 
vacuum  ports  shall  be  provided  so  that  the  vacuum  never  has  to 
be  pulled  more  than  two  feet  In  any  direction.  If  greater  dis¬ 
tances  are  necessary,  an  expanded  spring,  adequately  protected 
against  bag  rupture  shall  be  used  as  a  manifold.  After  the  vacuum 
.pressure  is  applied  the  bag  wrinkles  shall  be  worked  out  to  a 
minimum.  If  necessary  the  vacuum  may  be  removed  for  *  few  minutes 
In  order  to  relax  the  bag  and  further  remove  wrinkles  and  the 
vacuum  then  reapplied.  This  must  not  be  done  after  the  resin 
starts  to  harden,  or  after  rub-out  has  started.  The  vacuum  bag 
shall  be  checked  for  leaks  and  a  minimum  pressure  of  lZ^psi  or 
25  Inches  of  mercury  must  be  maintained  throughout  the  rub-out, 
pre-cure  and  cure  cycles  except  as  specified  In  paragraph 
3.1. 4. 4. 2. 2. 
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3. 1.4.4. 2.1  (cont'd.) 

Mub-out  shall  be  accomplished  with  iofi.  rub-out  "piuutiS1'  Of 
"iqMtgies"  free  from  sharp  edges.  The  rub-out  shell  be  started 
near  the  middle  of  the  part  and  worked  toward  all  edges  evenly, 
Insuring  a  dam  o £  continuous  resin  to  trap  air  toward  the  outside 
of  the  part.  The  part  may  be  heated  to  140°  +10F  (as  determined 
by  the  thermocouples  in  the  part)  for  no  longer  than  20  minutes 
aaxlouffl  to  facilitate  rub-out.  Rub-outs  shall  be  continued  until 
initial  prominence  of  fabric  weave  and  a  continuous  homogeneous 
appearance  indicate  sufficient  rub-out  has  been  accomplished, 
liccesslve  rub-out  pressure  can  cause  resin  starved  areas  or  results 
in  e  final  part  with  too  low  a  final  resin  content.  (Optimum  ■  32 
+  2  percent  by  weight).  Rub-out  Is  not  required  where  matched 
tooling  or  pressure  plates  prohibit  the  operation.  In  these  areas 
axtrs  care  must  be  exercised  eo  eliminate  wrinkles  during  lay-up. 

3. 1.4. 4. 2. 2  Cure  Cycle-Vacuum  Bag  Operation 

Details  containing  the  resin  formula  of  3. 1.4.1  shall  be  cured 
by  the  following  cycle.  The  temperatures  shown  are  those  of  the 
part  and  not  the  heating  system  or  the  visible  surface  of  the 

tool. 

Condition  During  Temp  (°F)  (1)  Tire  at  Temp.  (Minutes) 


Pre-cure 

170  +10 

60 

Cure 

250  +10 

60 

Post-cure 

325  +10 

120 

1.  Time  at  temperature  Is  the  actual  minimum  time  for  the 
part  to  be  at  the  temperature  shown  for  the  specific 
condition.  This  temperature  shall  be  established  by 
thermo  couples  in  the  part.  Temperatures  shall  be 
automatically  and  continuously  recorded  during  the 
heating  and  cooling  cycles. 

2.  The  time  for  the  part  temperature  to  reach  170  +10°F 
(precure)  shall  be  25  +5  minutes.  Heat  up  rate  for 

other  conditions  may  be  maximum  obtainable  with  the 
equipment  and  still  hold  required  temperature 
tolerance. 

The  part  shall  remain  under  pressure  for  the  complete  pre-cure 
and  euro  cycle.  Vacuum  bag  pressure  may  be  released  for  the 
post-cure  but  the  parts  shall  not  be  removed  from  the  tool 
until  they  have  cooled  to  150°F  maximum. 
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3.1. 4.4.2. 3  Autoclave  Pressure  Molding  and  Curing 

The  laminate  a ha 11  be  la  id-up  in  accordance  with  paragraph 
3.1.4. 3.  Around  Che  periphery  (within  1/4  Inch)  place  a  dam 
of  adhesive  backed  rubber  impregnated  cork  (Corprene  DK  153). 

Place  a  aeparator  aheet  (IX  1040)  over  Che  lay-up  extending 
ever  the  dam.  Place  bleeder  fabric  over  che  aeparator  aheet 
end  extending  over  the  manifold  vacuum  (expanded  aprlng  wire). 

Hu  number  of  bleeder  pllea  shall  be  eacabllahed  aa  follows: 

Daing:  181  fabric  -  1  ply  for  each  three  piles  of  161 
within  the  lay-up 

1357  fabric  -  1  ply  for  each  two  plies  of  1B1 
within  the  lay-up 

Fosltloa  thermocouples  and  vacuum  bag  the  entire  lay-up,  making 
sure  there  are  no  leaks  In  the  bag  or  around  the  periphery  of 
the  part.  Allow  the  part  to  stand  for  30  minutes,  under  full 
vacuum  but  with  no  heat  applied.  Place  the  package  In  the  auto¬ 
clave  with  full  vacuum  pressure  (25  inches  of  mercury)  and  apply 
heat  per  paragraph  3.1 .4. 4. 2.2(2) .  When  che  part  reaches  130°F, 
again  allow  to  dwell  for  30  minutes.  Apply  50  pal  positive  pre- 
sure  at  the  maximum  race  of  the  equipment.  When  the  pressure 
reaches  23  psl,  remove  the  vacuua  and  allow  the  part  to  be  vented 
to  the  atmosphere.  Increase  the  temperature  to  170°F  and  continue 
cure  paragraph  3. 1.4. 4. 2. 2, 

3.1.3  Processing  of  "B"  Staged  Resin-System 

3. 1.5.1  Lav-tb 

The  pre impregnated  material  shall  be  cut  to  pattern  as  per 
Fist  Pattern  of  Gores,  Sketches  4,  5,  6,  and  7  and  uniformly 
placed  in  individual  piles  on  the  tool.  Any  laps  shall  be 
limited  to  3/4  +  1/4  inch  and  shall  be  staggered  to  minimize 
thickness  build  up  in  sny  one  area,  as  per  Sketch  3,  Overlap 
Stations  Parallel  to  the  Longitudinal  Axis,  Esch  ply  shall  be 
heated  with  e  heat  gun  to  "weld"  successive  plies  to  the  previous 
ply.  As  each  layer  Is  applied,  It  shall  be  smoothed  onto  the 
surface  using  a  squeegee  or  similar  tool.  This  operation  eliminates 
wrinkles  and  reduces  the  uncured  thickness  of  the  detail.  The 
operation  shall  be  continued  until  drawing  call  out  thickness 
Is  achieved. 
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3. 1.5. 3 


3.1.6 


3. 1.6.1 


3.1.6. 2 


3.1.7 


3. 1.7.1 
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Thermocouples  shall  have  bee a  or  will  be  placed  against  the 
layup  where  it  is  believed  will  have  che  slowest  heat-up 
rate.  Pressure  shall  be  applied  and,  if  by  vacuum,  the  assembly 
will  be  checked  for  leaks  in  accordance  with  paragraph  3. 1.4. 4. 2.1. 
Pull  vacuum  or  15  psi  positive  pressure  shall  be  applied  and  the 
assembly  heated  to  170  410°?.  This  temperature  shall  be  main¬ 
tained  for  27.5  + 2.5  minutes.  The  heat  shall  be  removed  from  the 
part  but  pressure  shall  be  calntained  for  12  hours. 

Cure 

Cure  of  the  compacted  assembly  shall  be  accomplished  at  335  +10°F 
for  3  hours  minimum  under  30  psi  (autoclave  pressure  required  for 
vacuum  bagged  parts).  The  cure  time  shall  be  started  when  the 
coldest  thermocouple  reaches  325°F.  The  part  shall  be  allowed  to 
cool,  under  full  pressure,  to  1?0°F  on  the  hottest  thermocouple 
before  removal  from  the  tool.  Remove  air  pressure  before  renoving  part 
from  tool . 

Fabrication  and  Freflttlnir  of  Detail  Parts 


Metal  and  precured  details  that  will  be  used  «s  part  of  a 
composite  assembly  shall  be  fabricated  such  that  when  prefit 
prior  to  fabrication,  will  conform  to  the  following  requirements: 

The  honeycomb  core  blanket  shall  not  deviate  from  the  required 
thickness  dimension  by  more  chan  +  .C05  inch. 

The  juncture  of  abutting  honeycomb  core  blankets  and  metal  or 
precured  reinforced  plastic  details  shall  not  deviate  In  thick¬ 
ness  by  more  than  +  .010  inch. 

Surface  Preparation  of  Details  for  Bonding 

General 

loth  metal  and  precured  reinforced  plastic  surfaces  shall  be 
prepared  immediately  prior  to  bonding  unless  otherwise  noted 
in  the  Detail  Requirements.  The  surface  preparation  varies 
vith  the  type  of  material  to  be  bonded.  Specific  methods  are 
presented  below. 
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3.1. 7.4. 2 


Precured  Fabric  Laminates  (0.C3Q  Inch  or  Greater) 

These  surfaces  shall  be  prepared  by  reaoval  of  a  peel  ply  or 
piles  Incorporated  Into  the  Initial  layup.  This  operation 
will  be  accomplished  wearing  clean  white  gloves,  using  clean 
tools  to  Initiate  peel,  and  in  an  area  where  contaminants 
will  not  be  deposited  on  the  cleaned  surface  during  or  after 
Che  operation.  Where  concour  will  not  permit  reaoval  of  plies, 
Che  surface  shall  be  prepared  in  accordance  with  Che  procedure 
for  "Fabric  Laminates  -  Less  than  0.030  Inch". 

Precured  Fabric  Lamlnstes  (Less  Than  0,030  Inch) 

These  surfaces  shall  be  thoroughly  scuff  sanded  preferably 
with  a  jitterbug  using  200  grit  sandpaper,  followed  by  solvent 
cleaning  per  paragraph  3. 1.7. 4.  Surfaces  shall  be  considered 
satisfactorily  prepared  when  all  resin  gloss  has  been  removed 
froa  the  laainace  surface.  In  no  case  may  the  sanding  extend 
through  a  ply  of  the  reinforcing  fabric. 

Solvent  Cleaning 

B-nrsdl  in;;  of  Solvent 

Within  one  hour  prior  to  adhesive  application,  all  sanded 
bonding  surfaces  shall  be  hand  cleaned  with  clean  cheese* 
cloth  and  methyl  tithyl  ketone.  The  solvent  used  shall  have 
been  previously  certified  as  free  froa  contaminants  and  shall 
be  stored  In  a  separate  container  which  has  been  identified 
for  solvent  cleaning  use  only.  This  solvent  shall  be  applied 
by  pouring  onto  the  clean  white  cheesecloth;  this  will  eliminate 
contact  of  the  solvent  supply  with  the  cleaning  tissue  and 
reduce  the  possibility  of  solvent  contamination. 

Solvent  Cleaning  Procedure 

flooding  surfaces  shsll  be  vigorously  scrubbed  with  solvent- 
saturated  cloths  and  immediately  wiped  dry  with  additional 
clean  tlsiues  before  ths  so'. vent  has  evaporated.  Surfaces 
upon  which  the  solvent  has  been  allowed  to  air  dry  sre  not 
suitable  for  adhesive  bonding.  Clean  rubber  gloves  shall 
be  worn  throughout  the  solvent  cleaning  operation.  A  minimum 
of  three  separate  solvent  application-wipe  dry  operations 
•ball  be  performed  on  all  bonding  surfaces;  additional 
cleaning  cycles  shall  be  used,  if  required,  until  fresh 
white  drying  tissues  show  no  trace  of  discoloration. 
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3*1, 7. 5  Aluminum  Details 

3.1*7. 5. 1  Csneral  Requirements 

Subsequenc  to  all  pre-fit  operations  and  pre-treatment  per 
Table  I,  all  aluminum  bonding  surfaces  shall  be  treated  per 
Table  II  as  soon  as  possible  prior  co  adhesive  application. 
Unless  otherwise  specified  on  the  applicable  engineering  draw* 
log,  adhesive  primer  shall  be  applied  to  the  bonded  area  with* 
In  24  hours  after  final  cleaning.  Details  exceeding  maximum 
allowable  time  limits  shall  be  reeleaned. 


3. 1.7. 5.2  Water  Break  Inspection 

All  metal  surfaces  cleaned  by  immersion  methods  in  acids  or  similar 
chemicals  shall  be  thoroughly  rinsed  with  water  subsequenc  to 
chemical  treatment.  After  rinsing,  all  surfaces  shall  be  Inspected 
to  Insure  that  a  "vater-break  free"  condition  exists,  1.5.  the 
vater  film  Is  continuous  over  the  entire  surface.  Details  which 
exhibit  a  break  In  the  water  film  shall  be  recleaned  until  no 
vater  break  Is  observed.  After  final  rinsing  and  Inspection, 
details  may  be  either  air  or  force  dried  at  temperatures  not 
to  exceed  150F.  All  parts  must  pass  water  break  test  one  (1) 
hour  before  primed. 

3. 1.7. 5. 3  Handling  of  Cleaned  Details 


After  final  cleaning,  details  shall  be  handled  vith  clean  white 
cotton  gloves  only.  If  transporaclon  is  required  betueen  the  clean¬ 
ing  end  bonding  areas,  details  shall  be  protected  by  wrapping  in 
fresh,  clean  kraft  paper. 

3. 1.7. 6  Aluminum  Honeycomb 

Vapor  degrease  In  trichloroethylene.  Randle  in  accordance  vith 
3. 1.7. 5. 3. 
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TABLE  I 


SURFACE  PRETREATMSNT  -  ALUMINUM  DETAILS 


STEP _ OPERATION 


1  Remove  all  organic  finishes  (paints,  primers  and  similar  coatings) 

from  bonding  surfaces  with  an  itnerslon  (tripper. 

Alternate  Method 

Remove  by  sanding  with  180  grit  abrasive  paper  and  solvent  wiping 
with  methyl  ethyl  ketone.  Use  only  where  Immersion  or  brush-on 
strippers  cannot  be  employed  because  of  possible  solution  entrapmen 


2  Remove  chemical  films  or  anodic  coatings  from  bonding  surfaces 

(aluminum  alloys  only)  with  either  an  Immersion  or  abrasive 
stripper. 


3  Solvent  clean  to  remove  all  grease,  oils,  ink  markings,  fingerprint 

etc.  with  methyl  ethyl  ketone. 


Vapor  degrease  In  trichloroethylene 
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TABLE  II 

ALUMINUM  ALLOYS  -  IMMERSION  PROCESS 


STEP 

OPERATION 

.  CONSTITUENTS 

TEMP,  P. 

TIME, 

MINUTES 

REMARKS 

1 

Surface  pre- 
treatment 

Pre-treat  bonding 
surfaces  per  Table  I 

2 

Alkaline 

Clean 

Commercial  Allea- 
line  Cleaner 

165- 

175F 

10-15 

Constant  agleaelon 
required  during 
cleaning 

3 

Zmacralon 

rime 

Roc  water 

o  o 
*n  • 

5  Min. 
Minimum 

Znipect  for  "water- 
break  free"  surface 
per  Paragraph 

3.1. 7. 5.2 

4 

Acid  Etch 

Sodium  Dichr ornate 

1  part.  Sulfuric 
Acid  10  Parts,  Dis¬ 
tilled  or  Deionized 
water  30  parta,  all 
by  weight 

150- 

160F 

10+2 

-0 

Minute* 

Conatant  agitation 
required  during 
immersion 

5 

Spray  Rime 

Distilled  or 
Deionized  Water 

Room 

Ae  Req'd. 

6 

Inm.tr  a  Ion 

Rime 

Tap  Water 

Room 

At  Req'd. 

Conatant  overflow 
aanda  tory 

7 

Spray  Alnae 

Tap  Water 

Room 

As  Req'd. 

8 

Inspection 

Inspect  for  "water- 
break  free"  aurfact 
per  Paragraph 

3.1. 7.5.2 

9 

Dry 

Oven  (forced  air) 
air  dry 

150P 

Maximum 

A*  Req'd. 
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Priming  of  Details  ! 
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Unless  otherwise  specified  on  the  engineering  drawing,  all  metal 
details  bonded  to  the  requirements  of  this  specification  shall  be 
primed.  Pricer  shall  be  applied  within  the  allowable  time  Halts 
cf  3. 1.7. 5.1.  Primer  shall  not  be  applied  to  bonding  surfaces 
specifically  called  out  on  the  applicable  engineering  drawing. 

3. 1.8. 2 

Primer  Application  and  Cure 

3. 1.8. 2.1 

EC-2320  Pricer 

3. 1.8. 2. 1.1 

This  pricer  ’.hall  only  be  used  In  conjunction  with  AF-126-2 
adhesive,  when  applicable. 

3. 1.3.2. 1.2 

The  EC-2320  pricer  is  supplied  in  liquid  form  and  may  be  applied 
by  brushing  or  cay  be  sprayed  using  conventional  spray  equip¬ 
ment.  Apply  sufficient  prinet  to  produce  a  dried  film  thick¬ 
ness  of  .0002  to  .0005  inches.  Air  dry  for  a  minimum  of  30 
minutes  followed  by  a  force  dry  of  30  minutes  of  210  +  lOr . 

3. 1.8. 2. 2 

Boncbnaster  K-602  Prir.er 

3. 1.8. 2. 2.1 

This  primer  shall  only  be  used  in  conjunction  with  the  Bond- 
master  M-611  adhesive/CK-1  catalyst  system  when  applicable. 

3. 1.8. 2. 2. 2 

Stir  or  mechanically  shake  parts  I  and  11  of  the  M-602  adhesive 
primer  to  disperse  any  unsuspended  material  before  combining 
theta  to  faro  the  prlner  spray  solution.  After  parts  Z  and  11 
have  been  individually  agitated,  combine  to  fora  the  primer 
spray  solution  as  follows;  Add  5  parts  of  I  to  4  parts  of  it, 
by  weight,  and  nix  thoroughly.  Pilute  the  primer  spray  solution 
as  follows:  Add  2-1/2  parts  of  methyl  ethyl  ketone  (KEl)  to  1 
part  of  primer  spray  solution,  by  v eight,  and  mix  thoroughly. 

3. 1.8. 2. 2. 3 

The  catalyzed  M-602  adhesive  primer  solution  Is  now  ready  for 
use.  Zf  the  material  Is  not  to  be  used  Immediately ,  it  shall 
be  stored  in  closed  containers  to  prevent  solvent  loss  by  evap- 
•tion  or  contamination.  Place  filled  containers  in  a  cool  place 
and  use  within  a  maximum  time  of  three  days. 

3. 1.8. 2. 2. 4 

1 _ — 

Spray  the  bonding  surfaces  of  the  sheet  metal  components,  except 
the  core,  with  the  prepared  M-602  adhesive  primer  to 
a  uniform,  smooth  surface  thickness  of  .0005-. 0009  Inches. 

This  may  be  accomplished  by  spraying  several  light  box  coats 
of  the  primer  using  conventional  spray  equipment  with  an  air 
pressure  of  abouc  25  psl. 

i 


y 


229 


NORTH  AMERICAN  ROCKWELL  CORPORATIG 

COOK  IDEMT  SO.  19372 


NUMBER  I  REVISION  LETTER 

SXO6O5HA0C12 


3. 1.8. 2. 2. 5 


3.1,8, 2, 2, 6 


3. 1.8. 2. 2. 7 


3. 1.8. 3 


3.1.9 

3. 1.9.1 

3. 1.9. 1.1 


3.1. 9. 1.2 


3. 1.9. 1.3 


3. 1.9. 1.4 


All  spray  primed  parts  shall  be  air  dried  for  a  minimum  of  30 
■Inures  after  the  final  coat  to  permit  partial  evaporation  of 
u<«  •olvcnt  in  the  primer.  During  the  drying  period  care  shall 
b«  exercised  In  protecting  the  parts  against  contamination. 

The  parts  shall  be  force  dried  in  a  circulating  air  oven  at 
230-250F  for  30+5  minutes. 

After  force  drying,  the  prised  parts  shall  be  cured  at  330-340F. 

In  a  circulating  air  oven  for  60+5  minutes  after  the  part  has 
reached  this  temperature  range. 

Handling  of  Primed  Details 

Handle  all  primed  details  with  clean  white  cotton  gloves  only. 

After  curing  of  primer,  protect  details  by  wrapping  In  fresh 
draft  paper  until  use.  These  parts  shall  be  bonded  as  soon  as 
possible  after  curing. 

If  delays  In  bonding  are  unavoidable,  parts  with  cured  primer 
•hall  be  stored  in  a  clean  dry  place,  but  not  to  exceed  a  period 
of  60  days  prior  to  bonding.  Cured  primer  shall  be  cleaned 
Immediately  prior  to  adhesive  application  by  solvent  cleaning 
In  accordance  with  Para.  3. 1.7. 4  using  fresh  naptha  or  MEK. 

Adhesive  Application  &  Cure 
AF-126-2  Adhesive 
Adhesive  Description 

AF-126-2  adhesive  is  a  modified  epoxy  impregnated  Into  a  mat  type 
synthetic  film  carrier.  The  adhesive  Is  supplied  in  film  fora  with 
a  heavy  paper  liner  on  the  outer  surface  only. 

Handling  of  Adhesive 

Upon  removal  from  refrigeration,  allow  the  outer  layers  of  ad¬ 
hesive  to  V4rm  to  room  temperature  before  unrolling  to  avoid 
cracking  of  the  film  or  moisture  condensation  on  the  adhesive 
surface.  Return  adhesive  to  refrigerated  storage  immediately  after 
Che  amount  of  adhesive  required  for  use  Is  removed  to  avoid  over¬ 
aging  of  the  material.  Use  clean  white  gloves. 

Application  of  Film  Adhesive 

The  AF-126-2  adhesive  Is  a  very  tacky  film  and  care  must  be  ex- 
cerlsed  In  application  to  bonding  surfaces.  Wherever  possible 
It  is  suggested  chat  the  detail  to  be  bonded  be  used  as  a  template 
In  cutting  adhesive  patterns.  Clean  bonding  surfaces  per  3.1.7 
lnnedlately  prior  to  adhesive  application.  Allow  the  outer  separator 
•heet  to  remain  in.-'position  until  immediately  prior  to  assembly 
of  details. 

Application  of  Thixotropic  Paste  Adhesive 

The  past  adhesive  shall  be  employed  In  bonding  of  all  honeycomb 
sandwich  assemblies  (and  in  other  edge  bonding  applications  where 
specified  on  the  applicable  drawing).  Composition  of  the  paste 
•hall  be  as  follows:  Mask  off  area  not  to  be  bonded. 
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3. 1.9. 2.1.1  continued 


CAUTION: 

TOXIC  FUMES  ARE  GIVEN  OF?  DURING  THE  MIXE-'C  OPERATICS.  TO  MINIMIZE 
THE  DANGER  OF  THESE  FUES,  03SERVE  THE  FOLLtt.INC  PRECAUTIONS : 

1.  Add  Activator  slowly. 

2.  Cool  the  paste  prior  to  mixing. 

3.  Mix  In  quantities  of  one  quart  or  less. 

A.  Ventilate  the  mixing  area. 

5.  Do  not  breathe  the  vapors. 

6.  Keep  the  activator  off  hands  and  clothing. 

3. 1.9. 2. 1.2  After  the  curing  agent  has  been  blended,  there  is  no  fining,  but 
prolonged  contact  of  blended  adhesive  with  skin  should  be  avoided, 

3. 1.9. 2. 2  Application  of  Mixed  Paste  Adhesive 

3. 1.9. 2. 2.1  Foe  Life 

The  adhesive  should  be  applied  as  soon  as  possible  after  adding 
Che  curing  agent.  The  useful  pot  life  of  the  catalysed  adhesive  i<-; 
approximately  one  hour  after  which  it  may  bee  or.  a  too  thick  to 
spread  and  should  not  be  used.  Refrigeration  prolongs  the  pot  life 
but  is  practical  only  when  the  adhesive  is  in  small  batches  that  can 
be  cooled  quickly. 

3. 1.9. 2. 2. 2  Application 

The  adhesive  may  be  applied  with  a  spatula ,  'putty  knife,  glue- 
spreader,  or  other  suitable  means  such  as  squeezing  from  cubes  or 
from  pressure  guns.  It  should  be  applied  in  a  continuous  film  to 
both  bonding  surfaces  where  possible.  The  coat  should  be  chick 
enough  to  fill  any  voids  that  arc  left  ss  the  resole  of  malformed 
mating  surfaces,  etc.  Mask  off  areas  not  to  be  bonded. 

3.1. 9.2. 2.3  Care  should  be  taken  to  mask  external  surfaces  from  "Squeeze-out" 
and  clean  off  excess  cement  from  these  surfaces  prior  to  curing. 
After  curing,  the  cement  is  difficult  to  remove.  Clean  all  spread¬ 
ing  and  mixing  equipment  with  acetone  Immediately  after  use. 
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3.1. 9. 2.4. 4 
3. 1.9. 2. 5 

3.1. 9. 2. 5.1 

3.1. 9. 2.5.2 


3. 1.9. 2. 3  Pressure  Application 

The  «miv  pressure  required  during  cure  Is  that  needed  to  keep  parts 
In  alignment  and  to  overcome  distortion  and  thermal  expansion  of 
the  adherends. 

3. 1.9. 2. 4  Curing  of  Adhesive 

3. 1.9. 2. 4.1  General 

The  assembly  shall  be  cured  as  soon  as  possible  after  cleaning 
the  bond  to  Insure  proper  vetting  of  bonding  surfaces.  Maximum 
•lapsed  time  beeveen  mixing  of  adhesive  and  closing  the  bond  shall 
not  exceed  3  hours  for  all  bonded  details. 

3. 1.9. 2. 4. 2  Primed  Details 

All  assemblies  utilising  M-602  primer  shall  be  cured  at  a  bond 
line  temperature  of  250F  +  10F  for  75  +  10  minutes.  Warm  up  tine 
shall  oot  exceed  45  minutes.  Bonding  pressure  shall  be  maintained 
throughout  the  cur. 


3. 1.9. 2. 4. 3  Unpriced  Se 


Assemblies  not  utilizing  M-602  primer  shall  be  cured  either  l)  as 
•pacified  in  Paragraph  3. 1.9. 2. 4. 2  above  or  2)  at  a  bond  line  tempera 
ture  of  170  +  10F  for  3  hours.  Selection  of  the  cure  cycle  used, 
for  unprimed  parts  only,  shall  be  at  the  discretion  of  the  using 
manufacturing  department. 

Cool  the  assembly  to  125F  maximum  before  removing  pressure. 

Cleaning  to 

Remove  excess  cement  with  wiping  rags  wet  wlch  methyl  ethyl  ketone. 
This  must  be  done  a  few  minutes  after  applying  the  cement. 

Clean  all  spreading  and  mixing  equipment  with  methyl  ethyl  ketone 
Immediately  after  use. 


3. 1.9. 2. 5. 3  Cured  adhesive  residues  and  primer,  that  cannot  be  removed  by 

filing  or  scraping,  may  be  removed  with  a  suitable  stripper.  This 
■tripper  may  be  applied  with  a  brush,  care  being  taken  to  prevent 
penetration  into  seams,  joints,  crevices  where  removal  may  prove 
difficult.  After  a  few  minutes  of  soaking  Che  adhesive  residues  and 
primer  are  removed  with  a  soft  scraper  such  as  a  tongue  depressor. 
Clean  the  stripped  surface  with  a  rag  dampened  with  water  ans  wipe 
vlth  a  dry  rag. 
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Adhesive  should  be  cleaned  from  hands  with  soap  and  water  and 
Stiff  brush.  The  use  of  solvents  should  be  avoided. 

EC-2216  Adhesive 

Mixing  Instructions  for  Adhesive 

Mix  140  parts  by  weight  of  Hardener  "A"  to  100  parts  by  weight 
of  Base  "B".  Stir  thoroughly  for  a  minimum  of  five  minutes  or 
until  uniform  mixing  has  been  obtained. 

The  working  life  of  the  mixed  adhesive  Is  two  hours  In  100 
gram  masses.  Adhesive  which  has  not  been  applied  within  this 
period  of  time,  after  mixing,  shall  be  discarded. 

Application  of  Mixed  Paste  Adhesive  and  Cure 

Apply  a  smooth  coat  of  adhesive,  three  to  five  oils,  to  each 
surface  to  be  bonded.  The  adhesive  nay  be  applied  by  means  of 
a  spatula,  notched  trowel  or  tongue  blades.  Mask  off  areas  not 
to  be  bonded. 

Press  or  roll  both  surfaces  together  to  eliminate  possible 
formation  of  air  bubbles  and  to  Insure  Intlnate  contact  be¬ 
tween  faying  surfaces.  The  only  pressure  needed  during  the 
cure  of  mixed  EC-2216  Is  that  req  '.red  to  keep  parts  In 
alignment  end  to  overcome  distort. on  and  there*!  expansion 
of  the  adherends. 

The  adhesive  may  be  cured  as  follows: 

72  hours  at  room  temperature 
or 

4  hours  at  130  to  150°f 

Mots:  Sufficient  curs  can  be  obtained  In  twenty-four 

houre  at  room  temperature  to  remove  clamping  pressure 
but  the  parts  should  not  be  stressed  for  seventy-two 
hours. 

Cleaning  lh> 

Cleaning  shall  be  In  accordance  with  paragraph  3. 1.9. 2. 5. 

Detailed  Requirements 

Fabrication  of  all  details  and  assembly  shall  be  In  accordance  with 
Che  requirement*  of  this  paragraph  and  paragraph  3.1  as  applicable. 
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3.2. 1.1  Prefabricated  Details 

All  prefabricated  details  (-15,  -17,  -25,  -27,  -29,  -33  and  -35) 

•hall  be  fabricated  in  accordance  with  paragraph  3.x. 4  using  vacuum  ba 
pressure.  All  details  shall  be  trimmed  and  machined  to  blueprint  re¬ 
quirements.  The  -7,  -9  and  -13  core  materials  shall  be  processsed 
In  accordance  with  paragraphs  3.1.6,  3.1. 7.6,  3. 1.8. 2.1  and  3. 1.8. 3. 

3. 2. 1.2  Installation  of  P/N's  TT-17905,  TT-17906  and  TT-17908 
Bushings  and  Fittings 

The  noted  bushings  and  fittings  shall  be  bonded  Into  the  hardback 
with  Bondaaater  M-611  adhesive  per  the  procedure  described  In 
Paragraph  3. 1.9. 2.  Prior  to  Installation,  the  bushings  and  fittings 
•hall  be  primed  with  Bondsaster  M-602  primer  In  accordance  with 
Che  procedure  described  In  paragraph  3. 1.8. 2. 2. 

3. 2. 1.3  TT-17902-1  Assembly 


Dry  fit  all  parts  to  assure  perfect  fit.  The  surface  of  the  male 
Cool  shall  be  prepared  In  accordance  with  paragraph  3.1.3.  The 
•19  skin  shall  be  lald-up  In  accordance  with  paragraph  3.1.4 
and  Che  material  at  the  location  of  the  431-9  fuel  cap  removed. 
Apply  adhesive  per  paragraph  j. 1.9.1,  over  the  entire  lay-up 
area.  Preassembly  the  -15  close  out,  the  -7,  -9,  and  -13  cores 
per  3. 1.9. 1.4.  Position  this  subassembly  on  the  material  lald- 
ap  on  Che  cool.  Apply  the  same  adhesive  (3. 1.9.1)  to  cap.  Apply 
adhesive  (AF-126-2)  to  the  outer  surface  of  the  431-9  and  the 
edge  of  the  hole  and  Insert  the  -27  filler.  Apply  AF-126-2  ad¬ 
hesive  over  the  entire  surface  and  lay-up  the  -3  skin.  Bag  and 
cure  in  accordance  vlth  paragraph  3.1.4  using  vacuum  bag  pressure. 
Trim  as  required.  Installation  of  other  parts  and  details  Is 
presented  In  paragraph  3. 2. 1.4. 

3. 2.1. A  TT-17902-11  Assembly 

The  processing  sequence  for  this  assembly  shall  be  identical  to 
Che  -1  assembly  except  the  -5  and  -23  skins,  the  -17  and  -29 
Cillers  and  the  HE193-5002-0007  filler  cap  shall  replace  the  -3 
•nd  -19  skins,  the  -15  and  -27  fillers  and  the  431-9,  respectively. 

3.2.2  Bulkhead  (TT-17903)  end  Clips  (TT-17904) 
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3.2. 2. 1  Skins  (-3) 

The  *3  skins  shall  be  fabricated  using  181E  glass  fabric,  the 
reslo  formula  of  paragraph  3. 1.4.1,  impregnated  by  the  method 
of  either  3. 1.4. 3. 2  or  3. 1.4. 3. 3,  laid  up  In  accordance  with 

3. 1.4. 4. 2.1  and  cured  In  accordance  with  3. 1.4. 4. 2. 3.  Parts 
shall  be  trimmed,  surfaces  prepared  per  3.1.7  and  stored  In 
accordance  with  3. 1.2. 4. 

3 . 2 . 2 . 2  Clips,  Zee  Sections  and  Slosh  Baffle  (TT-1 79Q3-7 .  -9,  -13  and  -17 , 
TT  17904-3  and  -4) 

The  clips,  zee  sections  snd  slosh  baffles  shall  he  fabricated  ustn^ 
181E  glass  fabric,  the  resin  formula  of  paragraph  3. 1.4.1,  Im¬ 
pregnated  by  che  method  of  either  3. 1.4. 3. 2  or  3. 1,3. 3. 3,  and  laid 
up  snd  cured  In  accordance  with  3. 1.4. 4. 2.1.  Parts  shall  be 
trimmed,  surfaces  prepared  per  3.1.7  and  stored  In  accordance 
with  3. 1.2. 4. 

3. 2. 2. 3  Core  Material  (-5) 

The  core  shall  be  machined,  cleaned  and  handled  until  used.  In 
accordance  with  paragraphs  3.1.6,  3.1.7,  and  3. 1.7. 6. 

3. 2. 2.. 4  Assembly  of  TT-17903 

Dry  fit  all  parts  to  assure  perfect  fit.  The  -3  skins  and  the 
-3  core  shall  be  bonded  with  AF-126-2  adhesive  in  accordance  with 
the  procedure  described  In  paragraph  3. 1.9.1.  The  parts  shall  be 
trimmed  to  blueprint  requirements  and  che  -7  and  >9  clips, 
and  the  -1 3  channels  secondarily  bonded  using  AF-126-2  In  accordance 
with  paragraph  3. 1.9.1. 

3.2.3  Bolt  Inc,  Ring  (TT- 17907) 

The  -1  snd  -11  assemblies  are  identical  except  for  size.  Only  the 
fabrication  of  the  -1  will  be  discussed  but  chat  Information  will 
b«  applicable  In  all  respeccs  to  the  -11. 

3.2. 3.1  Ring  and  Pan  (-3  and  -5) 

The  parts  shall  be  laid-up  and  cured  In  accordance  with  paragraph 
3*1. 4. 4  using  181E  glass  fabric  prepared  per  paragraph  3.1.4. 
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3.2. 3. 2 


3.2.4 


3. 2.4.1 


3. 2.4. 2 


Assembly  (TT-17907-1) 

That  nut  plates  required  for  attachment  shall  be  riveted  onto 
the  ring.  The  ring  and  pan  shall  be  bonded  with  AF-126-2 
adhesive  In  accordance  with  paragraph  3. 1.9.1.  A  bond  shall 
be  effected  at  all  contact  areas  between  the  two  mating  details. 
Final  trim  and  prepare  surfaces  per  paragraph  3.1.7  for  final 
assembly. 

Tank  (TT-17909) 

TT- 17909-3 


This  pare  Is  to  be  precured  prior  to  Incorporation  Into  the 
basic  tank.  The  tool  shall  be  processed  In  accordance  vlch 
paragraph  3.1.3  and  15  plies  of  material  laid  up  and  compacted 
In  accordance  with  paragraph  3. 1.5. 2.  This  sequence  shall  be 
repeated  until  the  required  thickness  and  taper  are  achieved. 

The  bag,  under  vacuum,  shall  be  left  on  the  lay-up,  a  lubricant 
applied  and  the  female  tool  positioned.  Pressure  shall  be 
applied  by  conventional  bagging  and  30  psi  autoclave  pressure, 
with  cure  accomplished  In  accordance  with  paragraph  3. 1.5. 3. 

After  removal  from  the  tool,  the  surfaces  of  the  part  shall 
be  prepared  for  bonding  per  paragraph  3.1.7. 

Assembly  (TT-17909) 

Before  starting  this  lay-up,  consider  thermocouple  requirements 
and,  it  necessary  Incorporate  prior  to  part  lay-up.  Prepare 
Che  Cool  surface  in  accordance  with  paragraph  3.1.3.  Lay-up 
one-half  the  required  material  in  accordance  with  paragraph 
3. 1.3.1,  and  position  the  -5  Insert  on  which  AF-126-2  adhesive 
haa  been  applied  per  paragraph  3. 1.9.1.  Lay-up  the  remainder 
of  Che  material  as  above.  Position  the  lay-up  In  the  split  female 
Cool  whose  surfaces  have  been  prepared  in  accordance  with  para¬ 
graph  3.1.3.  Compact  In  accordance  with  paragraph  3. 1.5. 2.  Upon 
completion  of  this  step,  turn  on  the  water  In  the  cooling  colls 
and  complete  the  cure  of  the  area  shown  In  Section  A-A  of  drawing 
TT-17909  In  accordance  with  paragraph  3. 1.5. 3.  Remove  female 
Cool.  Deflat  male  tool,  but  leave  the  bag  In  the  assembly,  and 
trim  the  fore  and  aft  openings,  the  saddle  opening  and  route  the 
"0"  ring  groove.  Position  the  hardback  and  drill  attaching  holes 
through  the  hardback  and  the  skin.  Locate  the  bulkheads,  re¬ 
position  the  hardback  and  pilot  drill  the  bulkhead  flange. 

Remove  the  bulkhead,  drill  the  attaching  holes,  and  mount  the 
necessary  nut  plates. 
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fold  Che  aft  end  of  the  tank  at  T.S.  102.00  (or  closer  to  the 
lending  if  possible) ,  and  then  fold  the  forward  end  at  T.S. 
52.00  (or  closer  to  the  landing  If  possible),  Into  the  hard¬ 
back  area.  Part  Is  ready  for  shipment. 


3.2.5  ■  final  Assembly  (TT-17901) 

Carefully  unfold  the  ends  and  with  hand  pressure,  wearing  clean 
rubber  gloves,  smooth  the  compacted  material  to  essentially  mold 
line  contour.  Insert  the  part  In  female  tool.  Cover  up  nut  plates 
with  a  smooth  cloth  or  foam  rubber  and  cure  in  accordance  with 
paragraph  3. 1.5. 3.  Remove  nut  plate  cover  cloth  or  foam  rubber. 
Reposition  the  bulkheads.  Apply  EC-2216  adhesive  to  the  faying 
surfaces  of  the  TT-17903-3  and  -4  flanges,  position  against  the 
tank  and  bulkhead  and  cure.  These  operations  are  covered  by 
paragraph  3. 1.9. 3.  Using  the  same  process,  attach  the  TT-17907-1 
and  -11.  Install  all  Internal  plumbing.  Install  the  MS29513-010 
"0"  ring.  Apply  a  light  coat  of  petroleum  Jelly  to  the  edge  of  the 
hardback.  Mechanically  fasten  the  hardback  to  the  tank.  Install, 
with  mechanical  fasteners,  the  nose  and  tall  assemblies.  Finally, 
fare  the  Joint  between  the  hardback  and  the  tank  with  MIL-S-3302 
Class  B,  Sealant. 


6.0  Quality  Assurance 

Conformance  of  production  to  the  requirements  of  paragraphs 

3.1  and  3.2  Is  the  responsibility  of  Inspection. 


4.1  Control  of  Adhesive  Materials 

4.1.1  Receiving  Inspection  Tests 

Receiving  Inspection  Tests  shall  be  conducted  on  all  incoming 
adhesive  materials  for  certification  to  the  acceptance  require¬ 
ments  listed  In  applicable  material  specifications. 

4*1.2  Inspection 

All  bonded  assemblies  shall  be  Inspected  for  conformance  to  che 
engineering  drawing.  In  addition,  each  assembly  shall  be  verified 
to  be  100  percent  void  free  either  by  sound  tapping  f<;oin  or 
Inspection  tapping  device)  or  by  means  of  ultrasonic  equipment 
(Colndascopc,  Rcflectoscope,  etc.). 
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4.1.3  Records 

Suitable  records  governing  control  of  the  entire  bonding  process, 
final  Inspection  and  process  control  test  results  shall  be  main¬ 
tained  by  Quality  Control  for  each  production  assembly,.  These 
records  shall  contain  the  serial  number  of  the  assembly  they 
represent  so  that  future  Identification  is  readily  accessible. 

4.2  Final  Inspection 

The  final  tank  assembly  shall  be  inspected  for  defects  after  completion 
of  fabrication.  A  record  of  inspection  shall  be  prepared  which  will 
include  a  detailed  description  of  all  noted  defects  In  the  assembly. 
These  defects  shall  be  reviewed  by  the  Project  Engineer  to  determine 
which  defects  are  allowable  and  the  corrective  action  necessary  for 
chose  defects  Chat  need  corrective  action.  The  recommendations  for 
chese  corrective  actions  will  be  reviewed  with  the  Buyer  for  his 
concurrence  and/or  comments  prior  to  any  corrective  action. 

4.3  Corrective  Action 

All  corrective  action  agreed  to  by  the  Project  Engineer  and  the  Buyer 
■hall  be  conducted  subsequently  to  final  Inspection  described  In 
paragraph  4.2. 

5.0  Preparation  For  Delivery 

Each  individual  part  comprising  the  assembly  shall  be  Identified 
by  ■  rubber  stamp  marking.  This  shall  be  accomplished  by  cleaning 
the  area,  to  be  stamped,  with  naptha  or  methyl  ethyl  ketone  for 
the  purpose  of  removing  any  grease,  oil,  dirt  or  other  contaminates. 
Apply  the  applicable  marking  with  a  rubber  stamp  using  permanent 
black  Ink. 

Notes 

The  final  inspection  procedure  described  In  paragraph  4.2  will 
Include  participation  of  US  Air  Force  representative  as  deemed 
necessary  by  the  Buyer. 
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SEQUENCE  Or  OPERATION  REQUIRE: 
FOR  TOOL  HSK  976 
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SET  UP  AND  LOADING  Or 
SILICOifE  MANDRIL  3AG 
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APPENDIX  VI 


operatic:: 

1 .0 .0  AS333Ln.'C-  r^.r  ?C  i."  ?Z  ~  .  .‘O' 3  U>C1..C  I,. 

rc?jcc;G  toatf. 


1.1  Assacble  the  center  past  let.  -2C7  and  the  two  end  locators 
(Dets.  -203  and  -210)  with  -111  pins.  Also  Dec.  ?cb  pipe  ans  cap. 

1.2  Pill 2  CVfSi*  th?  bv  t.He  stsaTI  ertd  of 

assembled  post  into  the  large  nozzle  opening  of  the  bag.  Pull 
the  bag  up  on  the  post  until  the  snail  nozzle  er.d  of  the  bag 
is  even  with  the  step  in  the  shaft  end  let-ail  -210.  '..'rap  the 
ba*  nozzle  end  with  a  nini.-nu.-a  of  five  (5)  wraps  of  cloth  or 
tape  to  protect  the  bag  nozzle  and  apply  a  steel  band,  screw 
tightening  clamp  to  the  bag  nozzle. 


1.3  Pull  the  large  nozzle  end  of  the  bag  up  until  it  locates  on 

the  shoulder  of  detail  -203.  Apply  a  minimal  of  five  (5)  wraps 
of  cloth  or  tape  around  the  nozzle  area  of  the  large  bar  end 
and  apply  a  steel  band,  screw  tightening  damp  to  the  bag  nozzle. 
Sag  scan  is  to  be  90 3  rotation  from  tapped  hole  ceded  up  in 
Detail  -203  and  in  line  with  the  tapped  hole  that  is  90°  to  the 
tapped  hole  coded  up. 


1.1 


Install  Detail  212  lifting  lug  on  Detail  21C  shaft  and 
eyebolt  in  Detail  203  in  preparation  to  Lift  mandrel. 


stand arc 


1.5  Place  the  bag  with  the  shaft  and  end  blocks  clarpec  in  place 

in  the  final  oven  and  electrically-  curing  tool  and  in  the  lay-up 
trunnion  and  cheek  for  damp  clearance  to  these  tools.  Readjust 
as  required  for  clearance. 

1.6  Place  the  bag  assembly  in  the  mandrel  forming  tower  tool  with 
the  bag  seam  line  (loC*)  opposite  the  saddle  doer  area. 

1.7  Inspect  the  bag  as  counted  to  the  mandrel  for  possible  leaks 
and  the  damped  nozzle  ends. 


1.8  Deflate  the  bag  completely  and  secure  to  mandrel  with  masking 
tape  to  avoid  tearing  or  damage  when  loading  into  tower  tool. 

1.9  Place  half  of  detail  211  bushing  in  detail  140  tower  tool  and 
load  steel  mandrel  and  bag  into  tool. 


1.10  Remove  masking  tape  and  place  bag  seam,  down  center  of  mandrel. 
Place  second  half  of  detail  211  bushing  over  shaft  detail  21C. 

1.11  Remove  lifting  lug  detail  212  and  eyebolt  from  detail  203. 
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2*U 


1.13 


l.U 


1.15 

1.16 


1.1? 


2.0.0 


2.1 


2.2 


2.3 


2.t 


Index  :  ~.s  top  rmi;  cf  ':cl  *.c  ’.re  ret  .cm  nil."  of  f-  to»>i 
br  lowering  toe  top  ua1:  i»f  t.-.e  tool  onto  the  brass  tnv-tv.  pur.s 

3oIt  the  two  halves  together  a_td  add  the  clamping  ring  (let,  -201) 
to  the  large  end  cf  the  tool. 

Apply  the  vacua.-  boss  tc  the  stall  end  of  the  tool.  Shut  the 
shut  off  valve  and  check  the  vae’vir.  pump.  If  the  putt  5Uva  off, 
then  there  is  no  vacuum  loss  indicating  the  shut  off  valve  is 
shut  off  and  holding. 

Inflate  the  mandrel  bag  with  five  (5)  pounds  of  positi'.v 
pressure.  At  this  tine,  a  Chech  for  leaks  in  connections  sno-ia 
be  cade.  Repair  leaks  as  required.  (Tool  is  horizontal) 

lift  the  tower  mandrel  forming  tool  into  vertical  position  and 
set  it  down  on  the  vibrator  table  'with  the  small  er.d  of  the  tool 
down. 


Note  the  vacuum  hese  should  be  tucked  into  the  frame  work  of 
the  vibrator  table  ir.  rich  a  way  as  to  allow  the  Tower  Mar  dr  el 
Forming  Tool  to  be  lifted  frem  the  vibrator  table  and  returned 
to  a  horizontal  position  on  tne  floor  without  disoonn.ee tin;  the 
vacuum  line  or  loosing  vacuum  pressure.  Tack  weld  or  belt  ar.d 
brace  the  Tower  .'lar.drel  Forming  Tool  to  the  vibrator  table  as 
required . 


Attach  the  nodule  hopper  to  the 
Trn  FILLING  OF  T'rZ  MikT-ul  FAG  V 


Tower  Mandrel  roraii: 

,i;h  scsuiis 


Tool. 


Close  the  shut  off  valve  between  the  module  hopper  and  the  tower 
tool  and  connect  the  air  pressure  line  to  the  large  end  of  the 
tower  tool. 

Fill  the  nodule  hopper  with,  nodules  to  approximately  thr 'c  (?) 
inches  from  the  to?  of  the  hopper. 

Cap  the  fill  hole  and  apply  five  (p)  pounds  of  positive  air 
pressure  to  the  nodule  hopper. 

Start  the  vibrator,  open  the  nodule  hopper  shut  off  valve  and 
check  the  nodule  flow  through  the  clear  plexiglass  tube  between 
the  nodule  hopper  and  the  tower  tool.  If  the  nodu.':. :•  ‘  --w 
not  in  a  steady  free  flow,  the  positive  pressure  ir.  the  ntv.ul" 
hopper  should  be  increased  slightly  until  an  even  free  flow  is 
optained . 
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OPERATION 


2.5 


2.6 


3.0.0 


3.1 


3.2 


3.3 


3.4 


3.5 


4.0.0 


4.1 


4.2 


When  the  nodules  cease  to  flow  in  a  steady  stream  indicating 
the  nodule  hopper  is  empty,  close  the  shut  off  valve  between 
the  nodule  hopper  and  the  tower  tool.  Turn  off  the  vibrator. 

_ si.. _  r _ _  4.1..  .  l...... 

•tOAvieov  vhw  wyo u.  w  ••  v*«  vmo  ttwuu.  c  itw^ee  • 

Repeat  Operation  2.3  through  2.6  until  the  plexiglass  tube  is 
filled  with  nodules  indicating  the  mandrel  bag  and  large  end 
of  the  tower  tool  is  filled  completely  with  nodules. 


the  releasing 


PRESSURE  AND  APPLTT‘1  TEE  **AC,JIT' 


PRESSURE  TO  THE 


.... 


Close  the  shut  off  valve  to  the  nodule  hopper.  Disconnect  the 
nodule  hopper  from  the  tcwer  tool  at  the  tower  tool  end  of  the 
plaxiglass  tube. 

Remove  the  fill  adapter  (letail  -202)  and  the  air  hcse  from,  the 
Detail  -103  "0:|  seal  adapter. 


Remove  the  Tetall  -ICR  tap  from.  the  Detail  -2C6  vacuum.  tube. 
Apply  the  Detail  -1CC  cap  to  the  Detail  -1C3  !'C"  seal  adapter 
to  seal  off  the  positive  pressure  parts  in  the  large  bag  er.d 
Detail  -2C3. 


Clear  all  nodules  from  the  large  bag  end  Detail  -2C3  ir.  the 
vacuum,  seal  attach  area.  Insert  the  -110  seal  into  place.  Screw 
Detail  -204  into  the  large  bar  end  Detail  -2C3.  Screw  Detail 
-205  seal  nut  into  the  -DC  4  detail  sealing  off  around  the  -2Co 
vacuum  tube.  Attach  the  vacuum,  hose  and  apply  twenty  (2C)  inches 
mercury  minimum,  vacuum.  to  both  ends  of  the  mandrel  in  the  tower 
mandrel  forming  tool. 

Check  all  lines  and  connections  for  leaks  and  repair  than  as  re¬ 
quired.  Note  vacuum  pumps  should  shut  off  and  held  a  minimum 
of  twenty  (20)  inches  of  mercury  vacuum  without  any  appreciable 
amount  of  vacuum,  leakage  or  decrease  in  pressure. 


REMOVAL  OF  THi:  ROr-CZI 
MANDREL  FORKING  TCCL 


CONTAINED  MANDREL  FRO 


Remove  the  bracing  and  tack  welds  or  bolts  holding  the  tower 
tool  to  the  vibrator  table. 

Reposition  the  tool  wit.-,  the  parting  plane  horizontal.  The  same 
half  must  be  up  to  provide  access  to  the  lifting  lug  hole  in 
Detail  203  of  the  mandrel.  Saddle  area  down. 
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OPERATION 

4.  3 

Unbolt  the  two  halves  end  remove  the  top  half  of  the  tool. 

4.4 

Check  for  leaks  and  repair  as  required  (top  half). 

5.0.0 

POSITIONING  THE  IkT-.P  1  ON  THE  TRUNNION 

5.1 

Screw  the  eye  bolt  into  the  (-203)  large  bag  end.  Attach  the 
lift  ring  adapter  (-212)  to  the  snail  end  of  the  lay-up  mandrel. 

5.2 

Raise  the  mandrel  from  the  lower  half  of  the  tower  mandrel 
forming  tool  ar.d  place  it  in  the  indexing  lay-up  trunnion  stand. 

5.3 

Check  for  leaks  and  repair  as  required. 

6.0.0 

LAY-UP  OF  THE  TANK  ON  THE  LAY-UP  MA’JDREL 

6.1 

Attach  with  tape  the  thermocouple  wires  TCl  and  TC2  tc  the 
mandrel  at  tank  station  S3.G  and  on  the  maximum  half  breadth 
of  the  tank.  (Kef.  KSK-977  drawing).  Thermocouple  wire  ends 
must  be  prepared  in  closed  loop  by  engineering  lab  to  prevent 
bag  puncture. 

6.2 

Lay  up  the  tank  per  the  engineering  specification  No.  5?OcC5K.-.OCM2 
3. 1.4.3. 1.  The  engineering  drav/i.nr  will  designate  the  type, 
direction  and  number  of  pl;*s  (laminations)  of  reinforcing 
fabric.  3utt  joints  are  not  permitted  and  laps  shall  be  held  to 
a  minimum.  When  laps  are  necessary,  they  shall  be  held  to  3 A 
+  1/4  inch  in  width  and,  in  successive  plys,  shall  not  be  super¬ 
imposed  over  one  another. 

Also  Note:  3. 1.4. 3. 3  plys  shall  be  added  individually  ar.d 
smoothed  on  the  mandrel  surface  using  a  squeegee  cr  similar  tcol. 
Note  this  smoothing  action  is  to  eliminate  winkles  and  pressure 
should  not  be  such  as  to  remove  the  resin  from  the  laminate. 

6.3 

Apply  vacuum,  bag  after  7  layers  or  plys  have  beer,  layed  up  and 
draw  vacuum,  to  set  the  cloth.  Zo  not  use  heat. 

6.1 

Remove  bag  and  continue  lay-up  to  completion.  Re-apply  vacuum 
bag  and  draw  vacuum  to  set  remaining  7  plys  of  cloth  and  saddle 
ring. 

6.5 

Use  calipers  to  check  final  diameter  of  lay-up  to  inside  of 
tool  HSK  977. 

6.6 

Transport  lay-up  under  vacuum  from  supporting  dolly  KSK  930  to 
female  tool  HSK  977.  While  supporting  mandrel  and  lay-up  over 
female  tool  HSK  977  remove  vacuum  bag  from  lay-up. 

6.7 

Proceed  with  instructions  in  sequence  of  operations  reauired  for 
Tool  KSK  977. 

APPF.NDTX  VTT 


OPERATION 

1.0.0  PLACING  THE  LAY-UP  AND  IK  THE  FEMALE  FINAL  CURE  TOOK  KSK-??? 

1.1  Maintain  full  vacuum  on  mandrel  while  loading,  lift  the  lay-up 
and  mandrel  up  out  of  the  lay-up  trunnion  atand  using  the  lift 
ring  adapter  and  the  eye  bolt  in  the  big  end  of  the  mandrel  that 
im  cm#  to  the  cys  bolt  iiui«  stamped  up.  This  plates  the  saddle 
back  in  a  down  position  for  lowering  it  into  the  female  cavity 
half  of  the  final  cure  tool  which  also  has  the  saddle  bash  area 
In  the  lower  half. 

1.2  Lower  the  lay-up  and  mandrel  into  position  over  (3  feet)  the 
female  final  cure  tool  lower  half. 

1.3  Remove  the  tape  from  the  lead  in  wires  on  thermocouples  (TCj,  &  TCj) 
that  are  between  the  candrel  bag  and  the  set  lay-up.  Thread  the 
lead  in  wires  through  the  holes  in  the  saddle  back  area  of  the 
female  final  cure  tool. 


1.1  Lower  the  lay-up  and  mandrel  into  place  rullir. the  lead  Jr.  wires 
through  the  holep  as  the  lay-up  and  mandrel  is  lowered  into  place 
until  they  are  in  place.  This  is  to  prevent  kinking  cf  the  lead 
in  thermocouple  wires,  .-.cc  filler  blec.-:s  between  big  and  r.eck  ana 
female  tool  on  both  ends  of  mandrel. 

1.5  Seal  the  lead  in*  wire  holes  or.  the  outside  of  the  female  tool  with 
sine  chromate,  rill  the  seal  groove  around  the  half  shell  area 
of  the  female  final  cure  tool  with  zinc  chromate. 


1.6  Install  the  round  silicone  seal  in  the  seal  groove  in  the  top  half 
of  the  tool  and  tape  into  position. 


1.7  Lower  the  top  half  of  the  tool  until  the  brass  guide  pins  in  the 
lower  half  engage. 

Make  sure  that  closing  the  tool  does  not  pinch  the  sides  of  the 
part.  Snug  all  nuts  prior  to  tightening. 


1.8  Apply  Zinc  Chromate  to  the  tool  ends  to  complete  the  seal  with  the 
silicone  seal  previously  installed  in  l.c. 

1.9  Connect  two  portable  shut  off  valves  and  vacuum  lines  to  the  upper 
half  of  the  tool.  Repeat  for  the  lower  half.  Shut  off  the  vacuum 
from  toth  ends  of  the  mandrel.  While  holding  five  (5)  inches  of 
mercury  indicating  vacuum  on  the  candrel  gage,  and  the  end  valves 
to  the  mandrel  closed  draw  five  (5)  inches  of  mercury  an  the  tool. 


1.10  Gradually  open  the  mandrel  end  valves  to  release  the  vacuum  in  the 
bag  holding  the  nodules. 
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OPERATION 


1.11  With  fire  (5)  inches  of  mercury  on  the  female  tool  vacuum  system, 
and  the  end  valves  or.  the  mandrel  open,  attach  the  positive 
pressure  air  line  to  the  large  end  of  the  rand r el  and  close  the 
valve  at  the  small  end.  Apply  five  (5)  pounds  of  positive  air 
pressure  to  the  aar.dr«l. 

1.12  Maintain  five  {$)  pounds  of  positive  air  pressure  to  the  mandrel, 
disconnect  hoses  to  vacuum  system  of  female  tool  nr.d  shut  valves 

in  four  places.  Close  valve  to  positive  five  (5)  pounds  ir.  mar.irel 
and  disconnect  hose. 

Tool  is  now  free  of  all  connections  and  nay  be  moved.  Mandrel  gage 
should  read  from  2  to  5  pounds  of  pressure. 
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TRANSPORTING  FEMALE  TOOL  TO  ENGINEERING  ENVIRONMENTAL  CHAMBER 


2.1  Movement  of  tool  to  the  chamber  oust  coincide  vita  negotiated 
date  furnished  by  enriaeerins. 

2.2  Maintain  5  pal*  sir  pressure  on  bog  and  lay-up  contained  In  fully 
assembled  female  tool. 

2.3  Transport  tool  from  Sept.  3  to  environmental  chaaber  by  lifting 
vlth  fork  lift  or  on  palled  truck  or  steel  skid.  Do  not  roll 
tool  on  vheel3  of  tool. 

1 

2.h  Place  tool  In  chamber  in  position  to  hook  up  thermocouples ,  air, 

■  water,  vacuum  and  electrical  circuits. 
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3.0.0  C0KCTCTIK3  FEMALE  TOOL  TO  ENGINEER INS  ENVIRONMENTAL  AUTOCLAVE 
OR  COOLANT 

3.1  After  positioning  tool  to  be  accessible  to  aii  required  systems, 

proceed  with  connections. 

3.2  Pipe  water  from  saddle  area  to  environmental  connections. 

3.2.1  Essentially  four  water  circuits  are  built  into  tool  having 
eight  1/2  inch  female  connections. 

3.2.2  Circulation  Is  to  be  to  engineering  requirements  In  auto¬ 
clave. 

3.2.3  Water  la  required  to  limit  extent  of  cure  zone  around 
saddle  land.  See  Page  13. 

3.2. 4  Water  temperature  or  rate  of  flow  cast  be  considered  variable 
to  ualntaln  cure  temperature  of  330°?  or.  the  part  thermo¬ 
couple  1  inch  inside  and  on  net  trim  edge  of  part. 

3.2.5  Pipe  the  two  side  systems  into  one  and  pipe  each  end 
separately,  this  will  make  three  (})  individual  systems. 
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k.o.o  co^imKa  T-yMX  tool  to  ekoikesrpcq  environmentai,  chamber 

ESCTVICU, 


Three  strip  beaten  are  located  over  the  taddle  land  ana.  Three 
vires  run  free  the  Urge  one  piece  eleoent  and  should  he  wired 
uree  phase  at  the  tool  Junction  box  to  one  controller.  The  other 
two  elements  have  two  vires  each  and  should  be  wired  single  phase 

at  the  .'uisUae  box  to  a  second  controller* 


■vn*  variable  control  to  one  circuit  and  a  second  control 


ts  '.a*  s-rc'-'xi  circuit. 


4.J  It  is  anticipated  that  aanual  operation  of  controllers  will  be 
required  to  step  the  various  levels  of  temperature.  After  coldest 
V  M  detereiasd  sutonatic  aquiptsent  say  be  used. 

s 

4.4  The  oatinuz  operating  temperature  of  ths  slsoents  is  500°?. 
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5.0.0 


CONNECTING  FEMALE  TOOL  TO  ggQISS g.K3  Sr.TP.(HM5SrAL  ffWifflro 
VACUUM 


5.1  Connect  two  (2)  1/2  inch  vacuus  lines  fros  upper  half  of  tool 
to  two  individual  lines  in  chasber. 

5.2  Connect  two  1/2  inch  vacuus  lines  fros  lower  half  of  tool  to 
two  individual  lines  in  chasber. 
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6.0.0  ca.’MgcTiKG  rami  tool  to  engineering  environmental  *  chamber 

AIR  PRESSURE 

6.1  Kith  mandrel  pressure  at  5  psi  and  end  valves  closed,  connect 
air  hoses  to  each  end  or  mandrel. 

6.2  Open  valves  but  c&intain  5  psi  on  mandrel  with  chamber 
system. 
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7.0.0  connecting  female  tool  to  engdzepjno  ar/iHCKyarrAi.  chamber 

THERMOCOUPLE 

7.1  Br*i"‘**  thermocouple  chart  showing  pi^tux-e  of  locations  iron 
tool  drawing,  number  of  thermocouple,  time  and  temperature  of 
position. 

7.2  Check  thermocouple  number  and  position  use  only  thermocouple 
numbering  system  on  tool  drawing. 

7.3  Connect  30  thermocouples  to  chamber  recorder. 

7*4  Cfcdt  all  reading  fran  TCy,  broken  wire  in  tool  in  build.  Also 
aee  3.2.7  water  circulation  altered  to  permit  reading  of  TC7 
to  be  taken  at  TC^. 
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CHS6KBOI 


location 


PART 

m 

!  *  * 


SOOLACT 


Hated  Readings- 


REMARKS 

J  At  center  £&  bag 
1  Under  saddle  area 
^(coldest  location) 


Typical 

Two  ply*  from  inside 
tool* surface  at  inner 
edge  of  coolant  pipe. 
Two  ply*  from  inside 
tool  surface  at  outer 
edge  of  element. 


Sewn  into  eier.ent  by 
the  Briscoe  Co. 


* 

e 

» _ 


i  Two  plys  fron  inside 
tool  surface. 


NUMERICAL  LISTING  OP  THERMOCOUPLE 
POSITIONS  AND  PERTINENT  IMFORfa- 
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SCW-MATIC  KLEHKHTS  ON  PART 
IN  TOOL  USK  977  INFORMATION 
OllTAINH)  KkOK  ltGK  977 


OPERATION' 

8.0.0  OPERATION  0?  FEMALE  TOOL  TO  P35CURS  (170°?)  THE  TANK  ASP 

Compact  the~ layefc  . 

8.1  Layup  and  mandrel  la  under  five  (5)  pel.  air  pressure. 

8.2  Chamber  heating  for  this  operation  Is  to  be  used. 

8.3  Follow  Instructions  for  pre-cure  A3  controlled  by  engineering 
specification  ST0-60-5-HA-0012,  7-2-66  paragraph 

and  set-up  chart  in  this  report  in  Page  16. 
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PSEATIOH  OF  FEMALE  TOOL  TO  CURE  SADDLE  AREA 


9*1  Tool  la  fully  connected  to  autoclave  ready  to  uaa 
b M  mandrel  and  electrical  elements  in  tool. 

9.2  Tool  is  'under  5  psi  from  bag  in  a  start  condition.  Heat  and 
water  cooling  ia  off,  thermocouples  neutral  and  full  vacuum 
drawn. 

9.3  Safetj  suggests  closing  chamber,  i  door  when  pressurizing  the 
tool,  to  30  Psl. 

9*4  follow  instructions  for  pre-cure  as  controlled  by  engineering 
specification  STO-605-HA-0012,  7-2-6 8,  paragraph  3 .1.4. 4. 2. 2 
and  3.1. 5. 2  and  included  set  up  chart  in  this  report  page  17 . 
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OPERATION' 


10.0.0 

10.1 

10.2 

10.3 

10.4 

10.5 

10.6 
10.7 

10.3 

10.9 

10.10 

10. 11 


REM0VIN3  PARTIALLY  CURED  TANK  ??0M  TOOL  TO  DEMONSTRATE 
POLDABILITY  0?  THE  MONSANTO  MATERIAL. 


After  operation  9*0  is  completed,  fully  curing  the  saddle 
door  land,  remove  all  air,  vacuum,  water  and  electrical 

CwuMsCwiwiw  4aww  tae  tOvl  tv  tae  Ca«2v«r • 


Roll  the  tool  out  of  the  chamber  clear  floor  area  under 
crane  provisions  in  the  environmental  building. 

Remove  all  bolts  and  rods  from  female  tool  and  lift  top  half 
to  the  floor.  Support  the  tool  with  wood. 

Cut  thermocouples  TCj.  and  TTp  off  even  with  outside  of  tool  to 
avoid  feeding  wire  bach  through  small  holes. 

Re-attach  lift  ring  adapter  and  eyebolt  to  mandrel  ends  as  in 
operation  1.4  and  prepare  to  lift  mandrel. 

Tighten  ”C"  clanp  clevis  detail  212  of  H3K  976  supporting 
forward  end  of  mandrel  to  prevent  slipping  off  of  shaft. 

Using  special  handling  beam,  lift  mandrel  out  of  lover  portion 
of  female  tool.  Thread  .0-1  thick  alum,  band  under  saddle  area 
to  break  part  loose  from  lvr.  half  of  tool  if  necessary. 

Tilt  mandrel  lowering  aft  or  large  end  and  rest  detail  20J  large 
spherical  end  on  D  61  furnished  support. 

Remove  detail  204  plug  by  loosening  205  around  20o  then  un¬ 
screw  detail  204.  This  will  open  the  hole  to  nodule  filler 
inside  bag  and  allows  nodules  to  drain  from  bag. 

Catch  nodules  in  suitable  container  for  re-use  in  second  tank 
to  be  cured. 

Return  mandrel  to  horizontal  position  and  support  in  previously 
used  layup  trunnion,  tool  number  H3K  980. 


10.12  Remove  clamps  from  each  end  of  bag. 

10.13  Remove  all  vacuum  and  air  connections  that  would  prevent 
removal  of  trunnion  from  bag.  Mandrel  is  on  stand. 

10.14  Screw  in  14  foot  3/4"  Dia.  pipe  in  forward  trunnion  end  in 
former  vacuum  hole. 
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OPERATION 

10*0*0  (Continued) 

10.1$  Lift  mandrel  and  part  from  trunnion  atand  HSK  98C,  and  lower 
Into  special  shop  furnished  stands  supporting  mandrel  orr 
the  floor  or  a  table  on  diameter  of  large  plug,  aft  end  of 
part,  detail  203,  and  opposite  end  is  supported  on  long  3/4" 
pipe  14'  from  tank  end.  Strip  the  tank  ard  bag  off  mandrel 
onto  3/4"  pipe.  . 

10.16  While  Det.  203,  large  spherical  end,  is  clapped  to  trunnion 
stand,  remove  bag  from  mandrel  forward  (snail)  end  by  care- 
fuDty  pulling  on  neck  of  bag.  Use  great  care  not  to  rip 
bag  neck. 

10.17  As  forward  end  is  removed,  second  operator  rust  push  bag  off 
mandrel  large  end  moving  bag  and  part  on  to  length  of  3/4" 
long  pipe. 

10.10  Indent  bag  at  saddle  door  land  hole  which  is  dowr.  and  remove 
thermocouples  TCi  and  TC2  from  inside  tank  between  bag. 

10.19  Continue  removal  of  part  and  bag  by  lifting  3 A"  pipe  frorr. 
special  trunnion  stand.  Use  third  support  -under  steel  mandrel 
end  Det.  210  and  unscrew  3/4"  pipe  from  211  while  the  part 

is  manually  supported.  Carefully  remove  3/4"  pipe  frcn  bag. 

10.20  Monsanto  personnel  to  be  present  for  folding  operation. 

10.21  Fold  per  engineering  instructions  as  guided  by  Monsanto 

i  personnel, Attention:  Mr.  N.  Ohanion. 

10.22  Tank  is  to  be  folded  with  bag  inside  and  one  time  only. 

10.23  Unfold  tank  and  prepare  for  drilling. 

10.24  Saddle  door  part  has  been  cured,  hole  pattern  laved  out  and 
drilled.  This  part  will  be  used  for  a  drill  plate  to  transfer 
the  holes  into  the  tank  land. 

10.25  Position  tank  in  proper  working  height  on  low  supports, 

10.26  Depress  flexible  portion  of  tank  opposite  cured  saddle  door 
lands  thru  hole.  Upper  part  of  bag  will  be  depressed  to 
opposite  side  of  part. 

10.27  Seal  off  area  in  back  of  cured  lands  to  catch  all  chips  in 
drilling,  and  tc  prevent  puncturing  bag, 

10.20  Route  hole  opening  as  required. 
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OPERATION 

10.0.0  (Continued) 
10.29 


I 


All  chips  eust  be  removed  after  drilling  because  bag  will 
again  be  used  in  final  cure  operation. 

10 JO  |  Apply  and  space  edge  of  drilled  saddle  door  to  tank  opening 

10.31  Drill  *1 1  holes  using  depth  stops  to  prevent  drill  from 
1  puncturing  bag. 

I 

10.32  Remove  saddle  door. 


10.33  Drill  rivet  holes  around  main  bolt  holes  if  required  per 
|  engineering  drawing. 

10.34  '  Apply  nut  plates  to  back  of  land  using  shop  furnished  stud 
1  and  wing  nut  to  clamp  nuts  to  saddle  land. 

10.35  '  Bond  nuts  to  land. 

I 

10.36  Remove  protective  inner  coverings  vacuum  for  chips  and 
1  clean  thoroughly. 


10.37  Prepare  for  final  cure. 
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ggTUHNINj  FOLDED  PART  TO  FEMALE  TOOL  FO?  FE'AX  CURS 


11.1  Tawlf  wit t  hac  Va*n  f awh«  fnw  fdd?d 

tank  *2  or  for  continued  to  be  cured  tank  *1,  Center  eteel 
mandrel  has  been  removed  and  nodules  poured  out  in  either  case. 

11.2  Fro  a  the  outside  toward  center  of  tank,  insert  shop  furnished 
aluminum  shouldered  plug,  size  to  conform  to  detail  210  on 
HSK  976.  Insert  plug  into  bag  and  reclamp  with  plug  ir.  length 
position  (fore  ar.d  aft)  as  shown  on  H3K  97c.  Use  glass  wrap 
to  prevent  clamp  from  cutting  bag. 

11.3  Repeat  11.2  on  large  end  of  tank  making  plug  to  conform  to 
detail  ?K)3  on  H3K  97 6.  Steel  center  mandrel  is  not  reused 
due  tc  danger  of  rupturing  bag. 

11.4  Shoulders  on  plugs  are  necessary  to  pull  the  folded  tank  back 
into  the  full  length  of  the  female  tool.  Shoulders  of  the 
plugs  are  pulled  over  the  corresponding  shoulders  in  the  female 
tool. 

11.5  Manually  lift  part  and  plugs  into  the  female  tool  and  inflate 
the  valve  in  the  large  plug  to  fill  out  part  indentations. 

This  is  done  with  upper  part  of  fer.al .  tool  off.  Close  shut 
out  valve  to  keep  bag  pressure. 

11.6  Push  and  position  part  into  female  tool  lower  half,  (as  in  an 
inner  tube  in  a  tire),  paying  particular  attention  to  the 
location  of  the  cured  saddle  lari  to  the  bottom  of  the  saddle 
land  area  in  the  lower  half  of  the  female  tool. 

U.7  Close  the  upper  half  of  the  venale  tool  on  the  lower  half  ar.d 

reclamp  the  vacuum  seal  through  re-applieatior.  of  zinc  chromate. 

11.8  Clamp  one  end  block  in  each  end  of  the  female,  tool  in  front 
of  the  bag  plugs  to  prevent  plugs  from  moving  outward  when 
bag  is  inflated.  Tnis  is  not  necessary  when  mandrel  h"  center 
pipe  is  used  because  opposing  shoulders  prevent  movement. 

11.9  Roll  tool  back  into  chamber  and  re-establish  connections 
to  air,  vacuum,  and  thermocouples.  Thermocouple  numbers 
TC^  and  TCg  also  TCn  through  TC24  ®a.v  "be  omitted  since  they 
monitor  the  element  temperatures  at  the  outside  surface  of  the 
tool.  It  is  not  necessary  to  reconnect  the  element  electrical 
connections . 
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11.0.0 


11.10 


(Continued} 

Follow  instructions  for  full  final  cure  as  controlled  by 
engineering  specification  5T0-605-HA.-GC12,  7-2-68  paragraph 
3.1.1. 4.2.2  and  3.1.5 <3  and  included  set-up  chart  in  this 
report.  Page  18. 
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A  program  of  work  is  described  leading  to  tne  selection  of  a  resin  system,  reinforcement  selection 
and  fabrication  methods  for  building  a  foldable  deployable  external  wing  tank  for  aircraft.  The 
tank  would  be  fabricated  In  its  final  configuration.  After  fabrication  the  tank  would  be  folded, 
stored  and  shipped  to  the  plaoe  of  use.  At  time  of  use  the  tank  would  be  unfolded.  Inflated  and 
cured  In  Its  final  configuration.  ^ 

The  resin  system  and  glasa  relnforoement'  aelectlon  was  accomplished  by  screening  over  150  potential 
realn  systems  and  6  possible  reinforcement  candidates.  Twelve  design  cor.oepts  were  screened.  The 
selection  of  the  final  design  was  based  on;  (1)  weight  saving  potential;  (2)  high  nesting  ratio; 
(3)  stlffneaa  and  load  carrying  capability;  (4)  ease  of  field  erection. 

A  tooling  concept  was  utilized  that  would  allow  the  fuel  tank  to  be  fabricated  over  a  removable 
mandrel.  The  mandrel  shape  was  developed  by  placing  a  silicone  rubber  contoured  bag  In  a  female 
mold  with  an  arbor  clamped  to  the  bag.  The  bag  wai  pressurized  against  the  mold  and  rilled  with 
ceramic  (Vc.-i-Lite)  nodules.  After  filling,  a  vacuum  was  applied  to  the  bag  and  nodules  to  hold 
the  bag  in  shape  when  the  female  mold  was  removed.  After  fabricating  the  tank,  the  vacuum  was 
released  and  the  nodules  removed. 

A  method  for  zone  curing  critical  areas  of  the  tank  wae  developed.  This  allowed  the  tank  to  have 
specific  areas  cured  and  drilling  and  routing  operations  Incorporated  at  the  point  of  manufacture; 
and  still  allowed  the  final  curing  of  the  tank  In  the  field  without  further  machining  operations. 

The  objective  of  the  program  waa  successfully  accomplished  In  that  two  tanka  were  fabricated  by 
North  American  Rockwell.  One  or  the  tanka  waa  folded  and  delivered  to  the  Air  Force  for  future 
deployment.  The  second  tank  was  fabricated,  folded,  deployed  and  cured  at  North  American  Rock¬ 
well.  This  tank  waa  Intended  for  testing  for  strength  and  freedom  from  leaka. 
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